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Executive Summary
The emissions from glass manufacturing processes are mainly gaseous. They occur from the 
burning of fuels to heat the batch and from the evolution of gases and particulates from the 
batch itself.
Glass manufacturing in the UK is a prescribed process under the Environmental Protection 
Act 1990 (EPA90). Most glass processes are listed under Part B, that is they are prescribed 
for Local Authority Air Pollution Control. Under the EPA90 the secretary of state has 
published guidance notes setting deadlines for meeting specified emission limits. Existing 
processes must upgrade to meet these limits by October 2001 whilst new processes must meet 
the limits immediately.
Other legislation which applies to the glass industry is set under the Environment Act (1995). 
Air Quality Standards have been set and local authorities are responsible for ensuring that the 
air quality within their region is kept within these standards. Industry is expected to play its 
role in meeting these new, stringent standards.
Under the framework set by the Clean Air Act (1993), the secretary o f state may, by 
regulations, place a limit on the Sulphur content of many types of fuel oils. Action under this 
framework appears to be imminent since a draft European directive has recently been released 
in which the sulphur content of heavy fuel oil is limited to 1%, unless it is burnt in plant with 
desulphurisation equipment.
The greatest impact on the control of glass furnace emissions will arise from the adoption of 
the EC directive on Integrated Pollution Prevention and Control. The inclusion of glass 
manufactunng within the directive means that the UK glass industry will, for the fist time, be 
controlled under the concepts of IPC. The UK must adopt the directive’s legislation by 
October 1999, with all new furnaces meeting the requirements immediately (i.e. as soon as 
the UK adopts the legislation) and existing furnaces upgrading to the standards before 
October 2007. Under the framework of the directive, the European Commission is required 
to set emission limits for all listed processes. As the aim is to harmonise activities across the 
EC, it is likely that limits will be more stringent than those currently set in the UK, thus 
bringing policy in line with that set in countries such as France and Germany.
With the newly elected government will undoubtedly come about a review of the current 
environmental legislation. Any amendments or new policies, including European 
developments will be discussed in future updates of this report.
1.0 Introduction
Environmental law is constantly evolving, increasing in quantity, complexity and depth. It is 
frequently being up-dated to account for advancing technologies, and new scientific 
discoveries concerning the relationship between human activities and the environment in 
which we live. It is important for any individual concerned with the implications of 
environmental legislation to have a knowledge of the current 'state o f play', and an 
understanding of the underlying trends and possible future regulations.
This report focuses on the glass manufacturing industry and looks at process emissions and 
the legislation that has been developed to control them. It concludes with a discussion of the 
legislation likely to affect the glass manufacturing industry within the next few years.
2.0 Emission Sources within the Glass Industry
2.1 Introduction
Before taking an in depth look at the legislation that has been developed it is helpful to have a 
knowledge of the emissions that exist within the glass industry, their quantities and their 
sources. The majority o f emissions created by a glass manufacturing process are gaseous. 
The off gas from the furnace is caused by furnace heating, and by releases from the glass melt 
itself. The amount o f gas created could reach 100,000 Nm^/hr for a large float glass furnace 
and relates to typically 2500 Nm'^/tonne of glass [DOE (1994)]. In this section of the report 
the individual sources of emissions are explained.
Table 1. Waste gas composition for typical UK furnaces - Combined emissions from furnace 
firing and glass melt reactions. [DOE (1994)].
Component Concentration 
Gas-fired* Oil-fired*
Nitrogen (N?) % 73.6 76
Carbon dioxide (CO2) % 6.8 9.1
Oxygen (O2) % 6.1 7.4
Water (H2O) % 13.2 7.2
Oxides of nitrogen (as NO2) mg/Nm^ 2400 2100
Oxides of sulphur (as SO2) mg/Nm^ 850** 3800
Hydrogen chloride (HCl) mg/Nm^ 30** 30**
Hydrogen fluoride (HE) mg/Nm^ 8** 8**
Particulate matter mg/Nm^ 130** 1-50**
* Values for natural gas (virtually no sulphur) and heavy fuel oil (3-4% Sulphur).
** Mostly produced by the glass melt.
It should be noted that the emission values in table I are typical only and can vary 
considerably from furnace to furnace as shown in table 2.
Table!. Waste gas composition for typical furnaces [Lurgi (1993)]
Component Concentration
mg/Nm^
Oxides of nitrogen (as NO2) 1000-4000
Oxides of sulphur (as SO2) 350-3000*
Hydrogen chloride (HCl) 40-200
Hydrogen fluoride (HP) 5-30
Particulate matter 50-1000
*The low range of SOx values cited by Lurgi in table 2 is due to the fact that the average 
sulphur content of fuels used in Germany is low (1% S) compared with those used in the UK
(2.18% S) [ENDS report 266 (March 1997)]
2.2 Furnace Heating
The process of manufacturing glass involves heating up the batch of raw materials (mainly 
silica, lime and soda) to 1400 - 1600°C, and maintaining that temperature to allow the 
homogeneous formation of the glass. The DOE (1994) have estimated that in this melting 
process an average 6.2GJ per tonne of glass is required, second only to the iron and steel 
industries in energy consumption. For the majority of large furnaces the heating is by direct 
firing of the melt using gas or oil fired burners (the burner flames are directed across the 
surface of the glass so the heat is transferred directly into the melt). The combustion air 
required by this method of firing creates a large quantity of waste gas.
The major components of the waste gas stream caused by direct furnace firing are:
• Nitrogen - This is the largest component of the waste gas and originates from the 
combustion air.
• Oxygen - Combustion o f the fuel does not totally consume the oxygen in the 
combustion air. Approximately one third oxygen is excess and remains unreacted.
• Water vapour and carbon dioxide - These are present in the combustion air and 
additional quantities are also produced during combustion.
In addition the following compounds are formed during combustion:
• SOx - The sulphur content of the fuel accounts for much of the SOx formed in a 
glass furnace. As shown in table 1 on the previous page, a furnace fired on fuel oil 
produces a much higher SOx concentration («3800mg/Nm^) than a furnace fired on 
natural gas («850mg/Nm^). It should be noted that although natural gas contains 
only traces o f sulphur, oxides of sulphur are produced by reactions within the glass 
melt (see section 2.3) [DOE (1994)].
• NOx - NO is formed in the high temperature zones of a furnace during fuel 
combustion by the reaction of oxygen and nitrogen in the combustion air, and is then 
further oxidised in the stack. NOx emissions are higher in natural gas fired furnaces 
as gas has a lower flame luminosity giving poorer heat transfer to the melt and thus 
requiring higher flame temperatures. Various low NOx burner designs are now 
available which control NO^ by methods such as limiting the flame temperature or 
limiting the quantity of nitrogen available during combustion (e.g. oxy-fuel burners).
• Particulates - A small quantity of particulates (5-10 mg/Nm^ of ash or soot) are 
formed during combustion. The particulates include vanadium compounds derived 
from heavy fuel oils.
There are currently many suggestions of new technologies which aim at reducing or 
eliminating these pollutants. An example is the application of electric heating which would 
completely eliminate the gas stream which arises from conventional firing. However, such 
technologies need to be examined on a life cycle basis since there is a likelihood of 
transference o f environmental burdens to the electric power generators.
2.3 Glass melt
Pfaender (1996) describes the process by which the raw materials of the batch are heated and 
converted into glass. The materials are introduced into one end of the furnace (the dog house) 
and float on the surface of the molten glass. As more material is fed in the floating layer is 
pushed into the main body of the furnace, at which point the materials start to melt and sink 
into the molten glass. The melting raw materials react and gas is evolved which bubbles up 
through the glass melt. The residence time of the glass in the furnace is calculated to allow 
time for the gas bubbles to escape, thus producing a homogeneous pool of molten glass. A 
large float glass furnace can hold up to 2500 tons of molten glass, thus allowing a residence 
time of several days.
The main emissions formed by the melting process are:
Particulates - 90% of the total waste gas dust load is alkali salt (Na2S04) which 
vaporises from the batch due to the high furnace temperature [DOE(1994)]. As the 
waste gas is cooled in the furnace regenerators, the salts desublime to form a fume 
of particles with a mean diameter of 0.05pm [Lurgi (1993)]. In addition to this 
fume small batch particulates are entrained in the gas flows and carried out of the 
furnace before they have time to melt.
Additional compounds - For certain types of glass additional compounds are 
introduced to the batch which contain for example lead or selenium. These are 
added to control glass properties such as colour. Small amounts of these leave the 
furnace either as a vapour or with the alkali salt dust.
CO2 - A mixture of gas is evolved from the melt as the reactions which form the 
glass take place. According to Pfaender (1996), 1 litre of soda-lime glass sets free 
1440 litres of gas at 1000°C, 70% of which is CO2.
SOx - Materials added to the batch to aid refining such as saltcake, gypsum, barite 
and calumite contain sulphur which is released as SOx during the melting process. 
Because of this, as can be seen from table 1, a furnace fired on natural gas which 
has practically no sulphur content has a waste gas sulphur content of around 850 
mg/Nm".
HCl & HF T Also emitted as gas from the melt are HCl and HF which are formed 
either from impurities in the batch or from added fining agents.
2.4 Miscellaneous
In addition to the furnace there are other emissions within the glass factory which need 
control. These are mainly the release o f particulates from solids handling equipment and raw 
material storage silos. Control o f these emissions is usually by small localised bag filtration 
units.
) The Framework for Atmospheric Pollution Legislation 
[ Introduction
is section of the report is designed to give an overview o f the existing legal system that 
vems the control of emissions from glass manufacturing processes. It serves as an 
reduction to the controlling and enforcing bodies, and to the legislation that has been 
veloped.
e subsections include:
• A chronological history outlining the evolution of atmospheric pollution control, 
focusing on the United Kingdom. (3.2 A Historical Review)
• The functions of, and the relationships between the various international and national 
bodies set up to implement and enforce environmental protection. (3.3 International 
and European Bodies & 3.4 UK authorities)
• A summary of current legislation with regards to atmospheric pollution. (3.5 Current
.temational and European initiatives & 3.6 Current UK legislation)
I in-depth discussion of specific measures, as applied to the glass industry, can be found in 
:tion 4, and readers already familiar with the subject of air pollution legislation may wish 
turn directly to this section.
' A Historical Review
mospheric pollution has been an issue for many centuries. Before the industrial revolution, 
was caused by the combustion of wood and coal for domestic heating and industrial 
naces. The detrimental effects to health, due to deterioration in air quality caused by such 
ivities, have long been a cause for concern. As cited by NSCA (1996) the use of coal was 
)hibited in London in 1273. However the practice continued and a publication by John 
elyn (1661), Fumi Fugium was submitted to Charles II and Parliament outlining the 
)ble--" concerned with coal burning in cities, and suggesting methods for improvement, 
rly a..empts at legislative control were in general ineffective.
was not until the Industrial Revolution that action was prompted. Not only did the 
iustrial Revolution see an explosion of new processes (mainly using coal as a power 
irce), but there was a new form of pollution created by the alkali works. These works 
)duced large quantities of Hydrochloric acid gas as a by-product that was released directly 
the atmosphere and mixed with water, producing acid rain. A Royal Commission was 
Dointed to investigate the situation.
lew Alkali Act (1863) was passed as an answer to the pollution explosion. It required that 
Vo o f all noxious emissions should be retained within a plant, and appointed an Alkali 
pector to oversee the activities of the alkali works. The initial impact was dramatic; as 
id by Ball and Bell (1991) there was a reduction in acidic emissions of over 99%. The 
ults were however short-lived. Rapid industrial growth lead to ever increasing 
/ironmental problems.
The revised Alkali Act (1874) was passed and included, for the first time, volumetric limits 
for specific substances. The 1874 Act also introduced nationally the concept of using the 
Best Practicable Means (BPM) to reduce emissions, a concept which proved to be the starting 
point for the principles o f modem pollution control (BPM was first used in Leeds in 1842 to 
fine offenders who had not used BPM to prevent or abate smoke nuisance). A consolidation 
Act, the Alkali etc. Works Regulation Act (1906) replaced the earlier 1863 and 1874 Acts.
Besides the Alkali Acts, the Public Health Acts (1875), (1926) and (1936) were introduced to 
try and combat the problem of Smog in industrial cities. These were largely ineffective as 
they only had the power to target smoke nuisances, and did not control the total quantity of 
smoke emitted. It was not until the 1950's, that effective smoke control legislation was 
introduced, when one particularly harmful smog episode (formed by a cocktail o f pollutants) 
occurred in London (Dec. 1952).
In the Clean Air Act (1956) powers were given to Local Authorities to control grit, smoke, 
dust and fumes, with the aim o f improving local atmospheric conditions in industrial areas. 
The Act covered all commercial and industrial activities that burnt pulverised fuel or solid 
waste (>1 tonne/hr), and were not included in the Alkali etc.. Works Regulation Act (1906). 
Also included in the 1956 Act were domestic fires. Specific regions were defined as 'Smoke 
Control Areas' in which the emission of Dark Smoke (as defined by the Ringlemann Chart & 
BS2742) was prohibited. An amendment and supplement, the Clean Air Act (1968) extended 
the prohibition of smoke to whole premises (i.e. land used for bonfires as well as buildings), 
and extended the regulations to furnaces burning liquid and gaseous fuels as well as solids. A 
number of exemplary regulations were introduced to allow industrial furnaces the necessary 
freedom for operation. An example of this is the Dark Smoke (Permitted Periods) 
Regulations (1958) which stated periods of time (up to 41 minutes per eight hour period) in 
which dark smoke was acceptable, thus allowing for cold start-up.
The Clean Air Acts (1956) and (1968) went a long way to improving the air quality in towns 
and cities. Smog incidents were greatly reduced and there was a vast improvement in general 
air quality. The story, however does not end here. With the birth o f Smoke Control Areas 
the trend for domestic heating was towards gas and electricity. This transferred the 
environmental burden to refineries and power stations and the response was to build taller 
chimneys, with the aim of dispersing and diluting the polluting species. Whilst this approach 
was effective on a regional basis far-reaching problems such as Acid Deposition became 
evident. These new issues, including Global Warming and the depletion o f stratospheric 
ozone have prompted new, transboundary guidances to be introduced requiring international 
co-operation. Much o f the new law has been generated through the adoption of guidances 
laid out by the European Economic Community (now European Community) which the UK 
became a member of in 1973.
The Health and Safety at Work etc. Act (1974) repealed much of the Alkali etc. Works 
Regulation Act (1906) and acted as an enabling tool for the Alkali Inspectorate, carrying 
forward the idea of Best Practicable Means to control emissions.
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Recently, the trend in environmental law has been towards preventing the formation of 
pollutants, rather than curing the consequences of their formation. Examples of the steps 
taken include switching of fuels away from the high sulphur content fuel oils towards natural 
gas, and the reduction of the lead content in petrol. Also, increasing the efficiencies of 
furnaces and engines. Many measures such as these form the integrated system of pollution 
control that exists today under the umbrella of the Environmental Protection Act (1990) and 
is monitored by the recently formed Environment Agency. The authorities and legislative 
measures existing today for the control of atmospheric pollution are discussed in depth in 
sections 3.3 to 3.6.
3.3 International and European Bodies
The information in this section is mainly cited by the Institute for European Environment 
Policy (1995) and the National Society for Clean Air and Environmental Protection (1996). 
The list of bodies is by no means exhaustive, but it does explain the main policy makers and 
advisory groups.
The United Nations (TINT Founded after World War II the charter of the UN is to "save 
succeeding generations from the scourge of war... to reaffirm faith in fundamental human 
rights... to establish conditions under which ... justice can be maintained, and to promote 
social progress and better standards of life." The UN is described as a democratic, 
multinational organisation with a core including the development and environment 
departments and 15 further specialised agencies.
The UN Environment Program (UNEP) co-ordinates environmental activities throughout the 
UN. Founded in 1972/3 its work also involves provoking international response to 
environmental issues o f world significance, and has prompted the growth of many 
conventions.
The World Health Organisation (WHO) is a specialist UN agency which focuses on 
international monitoring, technical co-operation and information exchange programmes with 
ongoing research aimed towards sustainable development.
Other related UN groups are The UN Development Programme (UNDP), The UN 
Educational, and Cultural Organisation (UNESCO), The World Meteorological Organisation 
(WMO), The Food and Agriculture Organisation (FAO) and The International Maritime 
Organisation (IMO). These groups, through monitoring, research and supervisory roles 
provide a wealth o f information for subsequent decision making and discussion.
European Communitv (EG) / The European Union lEUV The EC (originally the European 
Economic Community, founded in 1957 with the Treaty of Rome) has evolved to consist of 
15 member states, including the United Kingdom which joined in 1973. The EC is a leading 
figure in global politics and has adopted into its policies hundreds of environmental measures 
aimed towards sustainable, non-inflationary economic growth. The EC consists of 
institutions, as described below, tailored from representatives appointed by the governments 
of its member states.
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The European Commission proposes legislation (and in some cases adopts or modifies 
legislation) and oversees Community policies. It is made up of 20 Commissioners and is 
divided into 23 Directorates-General (DGs) each responsible for a different area of legislation 
(DG XI handles most environmental, nuclear and civil protection maters).
The European Council adopts European Community legislation (or amends it/refers it back to 
the Commission) and is attended by representatives from the Commission and relevant 
ministers from Member states. In the Declaration of the European Council stated in Dublin, 
June 1990 it was said "The Community must use more effectively its position of moral, 
economic and political authority to advance international efforts to solve global problems and 
to promote sustainable development and respect for the global commons."
The European Parliament, consisting of elected Members of the European Parliament 
(MEPs), drafts opinions and votes on new legislation, and is gradually gaining more powers 
to have a greater say in policy making.
The European Court of Justice is the highest legal authority in the EC and judges cases 
referred to it by the Commission on issues regarding Community law.
The European Environment Agency (EEA) being only a few years old is a relatively new 
organisation, although its establishment was agreed upon in 1990. The main tasks of the 
EEA are to record, collate and analyse environmental data, working alongside national 
authorities and independent organisations, to guide European environmental legislation in 
accordance with UNCED agreements and other global issues.
3.4 UK Authorities
The structure of the various authorities involved with policy-making and law enforcement 
within the UK can be described as complex and fragmented. For example, legislation 
covering England and Wales differs from that in Scotland and Northern Ireland. In this 
section the focus is only on those bodies directly involved with air pollution. For more 
information both the NSCA (1996) and Ball & Bell (1994) give detailed discussions of their 
various roles.
The Department of the Environment (DOEl - The DOE was established in 1970 within 
Central Government. It has responsibilities covering the introduction of environmental 
policy, as well as planning, local government, housing and energy efficiency. Within the 
DOE the highest authority is the Secretary of State, who has wide ranging powers. These 
powers include the making of directions and guidances, the ability to make appointments to 
the various regulatory bodies and the power to hear appeals. An example of such 
discretionary power in the Clean Air Act (1993) states that: "For the purpose o f limiting or 
reducing Air pollution, the Secretary o f State may by regulations impose limits on the sulphur 
content of oil fuel which is used in furnaces or engines." The wide ranging responsibility 
given to the Secretary o f State stems from the fact that legislation is introduced in framework 
form, with specific limits and methods of satisfying them being flexible, thus allowing for the 
rapid evolution of environmental law.
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The DOE is not the only department within Central Government to deal with environmental 
legislation. It is necessary to integrate environmental policy into all aspects o f law, and 
departments such as the Department o f Energy and the Department of Transport have found 
themselves making policy increasingly based on environmental considerations.
The Environment Agency TEA) for England and Wales. The EA took over the work of 
HMIP, the NRA and the waste regulatory functions of local authorities on 1st April 1996 
with powers given to it by the Environment Act (1995). By uniting the different regulatory 
authorities it is hoped that a cohesive approach to Integrated Pollution Control (IPC) can be 
developed. The EA is a non-departmental public body whose responsibilities cover 
authorisations, licensing, consents, enforcement, monitoring and research. The EA is also 
responsible for giving advice and guidance for emissions, discharges and disposal to air, 
water and land. It should be noted that processes previously falling under Local Authority 
Air Pollution Control (generally the less complicated and smaller industrial and domestic 
emissions sources) have remained within the Local Authority control. This structure may 
change in light o f new European legislation on Integrated Pollution Prevention and Control 
(IPPC).
HM Inspectorate of Pollution (HMIP) [pre April 1996] was formed in 1987 as part o f the 
DoE with powers derived from the Alkali etc. Works Act (1906) and the Health and Safety at 
Work etc. Act (1974). These powers were massively supplemented by those derived from the 
Environmental Protection Act (1990). The Environment Agency will continue the tasks of 
HMIP which are described in HMIP's mission statement. "HMIP protects the environment by 
enforcing regulations to prevent pollution. It is the statutory authority in England and Wales 
for the largest most complex industrial processes and for premises which store, use or dispose 
of radioactive material" [HMIP (1995)].
Local Authorities and Local Authority Air Pollution Control CLAAPCI - Local Authorities 
(environmental health or pollution control departments) have long had responsibility for 
enforcement of air pollution legislation under the Clean Air Acts, and they were given more 
complete powers under EPA90. LAAPC covers a wide spectrum of domestic sources and 
industrial processes, including processes listed under Part 1, Part B of EPA90 (e.g. Glass 
manufacturing). These are processes included in EPA90 but not subject to IPC, which is 
controlled by the Environment Agency. In enforcing the appropriate legislation Local 
Authorities should also have regard for the National Air Quality Strategy and have a duty to 
keep abreast of new developments in technology.
It should be noted that in light of new European legislation on Integrated Pollution Prevention 
and Control (IPPC) some processes not included in IPC have been listed for IPPC. The 
results of this are yet to be seen in the UK, but could result in control of some processes, 
including the glass industry, to be handed over from LAAPC to EA control.
Scottish Environment Protection Agency (SEP AI - SEP A has similar responsibilities to the 
Environment Agency for England and Wales. In addition, SEP A has assumed responsibility 
for air pollution control o f Part B processes listed under Part 1 of EPA90.
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In Northern Ireland the Alkali Act (1906) lists processes for which the Alkali and Radio- 
Chemical Inspectorate has responsibility. All other processes are controlled by local 
authorities. A new system of air pollution control, similar to that applying in the rest of the 
UK is currently being proposed by the Department of Environment (N. Ireland).
3.5 Current International and European initiatives
The UN Conference on Environment and Development 1992 (UNCED or The Earth 
Summit). Held in Rio de Janeiro from 3 to 14 June 1992, the 'Earth Summit' was the largest 
international conference ever convened. The results o f the summit include the adoption of a 
Framework Convention on Climate Change. This framework (Climate Treaty) aims to cap 
the emission of greenhouse gases, returning emissions of such gases (in particular CO2) to 
their 1990 levels by the year 2000. • The European response is listed below in the discussion 
of the strategy document COM(92) 246. Also of interest is Agenda 21, which gives 
governments common targets so that environmental policy can be aimed towards sustainable 
development, and in conjunction with this a UN body, the Sustainable Development 
Commission has been established. The concepts adopted are as a direct result o f the 1987 
benchmark environmental report. Our Common Future written by the World Commission on 
Environmental Development (WCED). The NSCA (1996) have cited the WCED definition 
of sustainable development as meeting the needs of the current generation without 
compromising the ability of future generations to meet their own needs. Since the Earth 
Summit the European Commission published its Fifth Action Programme on the 
Environment - Towards Sustainability, and in 1994 the UK Government published 
Sustainable Development - the UK Strategy.
UN Convention on Long-Range Transboundarv Air Pollution. In response to this 1979 
Geneva Convention several protocols have been adopted to combat acid gases and VOCs. 
Even though the convention was held in the late 70s agreement of the required and achievable 
measures was not reached until the 90s. The Glass industry will be affected by Sulphur 
protocol and Nitrogen oxides protocol. As far as Sulphur is concerned the protocol is related 
to the critical loading of sulphur above which harm will be caused to the environment. The 
aim is to reduce the gap between current deposition and the critical load by 60% by the year 
2000. As cited by the NSCA (1996), to meet the target by the year 2000, the UK would have 
had to reduce its emissions by 79% based on 1980 levels. After negotiations the UK agreed 
to reduce its Sulphur emissions by 50% by 2000, 70% by 2005 and 80% by 2010, thus 
meeting the target ten years later than originally proposed. The Nitrogen Oxides protocol, 
(the 1988 Sofia Protocol) freezes NOx emission at their 1987 values by 1994. In response to 
this EC industrial sources must achieve NOx reductions of 15% by 1993 and 30% by 1998 
(1980 baseline) with an overall European Community target of stabilising NOx emissions by 
1994 and a 30% reduction by 2000 (1990 baseline).
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Integrated Pollution Prevention and Control (IPPC) Full details of this directive can be found 
in the Official Journal of the European Communities (10.10.96).
The European Council Directive of 24th September 1996 concerning Integrated Pollution 
Prevention and Control (IPPC) entered into force on 14th October 1996. Member states are 
required to adopt the laws, regulations and administrative provisions necessary to comply 
with the directive no later than three years after its entry into force, i.e. October 1999.
The aim of the directive is to harmonise the various initiatives being implemented throughout 
Europe to achieve integrated prevention and control of pollution to air, water and land. The 
IPPC Directive is of a framework type, similar to the British Environmental Protection Act 
1990 (EPA90) and under article 18 of the directive the European Commission will set limit 
values for all listed processes. There is no indication of when these limits will be set. The 
limits will be based on the use of Best Available Techniques (BAT), without prescribing the 
use of one specific technique or technology. However, to aid authorities in their monitoring 
of BAT there will be development and exchange of information at Community level.
Amongst the industrial activities covered by IPPC are installations for the manufacture of 
glass including glass fibre with a melting capacity exceeding 20 tonnes per day. This will 
mean that for the first time in the UK glass manufacturing processes will be subject to 
Integrated Pollution Control (IPC).
Annex III to the directive lists the main polluting substances to be taken into account for 
fixing emission limits. Those listed for air are:
Sulphur dioxide & other sulphur compounds
Oxides of nitrogen & other nitrogen compounds
Carbon monoxide
Volatile organic compounds
Metals and their compounds
Dust
Asbestos (suspended particulates, fibres)
Chlorine & its compounds 
Fluorine & its compounds 
Arsenic & its compounds 
Cyanides
Substances and preparations which have been proved to have carcinogenic or
mutagenic properties or properties which may affect reproduction via the air 
Polychlorinated dibenzodioxines and polychlorinated dibenzofurans
European C0M('92) 246 - Carbon Dioxide In response to the Earth Summit the EC has 
drafted a set of directives aimed at preventing the predicted 12% rise in CO? emissions. The 
Directive to improve Energy Efficiency (93/76) introduces Specific Actions for Vigorous 
Energy Efficiency (SAVE) with measures including energy auditing for businesses. 
Proposals for a carbon tax directive and an energy tax directive have been altered many times 
as such a tax would have great impact on member states economy. It is hoped to introduce a 
blanket carbon/energy taxation scheme for implementation by 1 January 2000 (see section 5.3 
for futher discussion). Further Directives aimed at the monitoring of CO2 emissions have
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been adopted and include the necessity for member states to report on and publicise their 
policies and actions.
Sulphur Content of Fuels As reported in the ENDS report 257 (June 1996) the European 
Commission is considering a Directive to limit the sulphur content of fuel oils. In order to 
achieve EC commitments to the UN Convention on Long-Range Transboundary Air 
Pollution the directive proposes a 1% sulphur limit for heavy fuel oils.
European Large Combustion Plant Directive T88/609/EEC) This Directive has been drawn up 
mainly in response to the Convention on Long-Range Transboundary Air Pollution. It 
confirms the commitments to the reductions specified applying them to large fossil fuel 
burning plant greater than 50MW thermal capacity. Proposals for a Directive covering 
smaller combustion plant, (up to 50MW) are being discussed.
Air Oualitv Assessment and Management Recently there has been a trend towards setting 
’■-aits for the quantity of certain substances within the atmosphere at ground level (rather than 
uie quantity of substances emitted from individual sources). The aim of this is to improve 
overall air quality and to minimise the chance of harmful pollution episodes by targeting 
control in areas of constant poor air quality. Along with Directives outlining the necessary 
monitoring, availability of information and administration come directives setting Air Quality 
Standards (AQSs). The air quality is defined in terms of mean concentrations over a set time 
period and, in the case of some compounds dependant on the quantity of other pollutants in 
the atmosphere. This recognises the fact that the combined (synergistic) effect of say SO? 
and smoke is worse than the effects of the individual compounds. An example is 
80/779/EEC which states the ground level limits for SO2 over one year (median daily values) 
are 120jig/m^ if smoke is less than 40pg/m^ and 80pg/m"’ if  smoke is more than 40pg/m''. 
France failed to comply within the requisite period (OJ C278/3 - EC Commission vs. France 
1991) and was ordered to pay legal costs. The standards are based on WHO guidelines 
introduced in 1987, but many Member states are introducing tighter values in light of new 
scientific knowledge and anticipating new, stricter guidelines. An example o f this is that the 
UK Expert Panel on Air Quality Standards has recommended an AQS for PMjqS in the UK of 
Jpg/m^ as a 24-hr running average compared to a 1987 WHO limit of 120pg/m^ for the 
same period.
To consolidate the AQSs which have been phased in over many years a new Directive 
covering air quality and assessment was accepted by European parliament in May 1996 
[ENDS Report 256 (May 1996)]. This will see daughter directives covering up to 13 air 
pollutants.
Towards Sustainabilitv - The Fifth action Programme on the Environment The EC has action 
plans which develop EC policy with the aim of protecting human health and the environment. 
The theme of the fifth action programme was Sustainability, thus embracing Agenda 21 set at 
the Earth Summit in Rio (1992). The knock on effects of this action programme are that 
Integrated Pollution Prevention and Control (part of UK policy since EPA90) will be fully 
introduced into Europe (see below). Also, environmental objectives will be integrated further 
into other areas o f policy as well as the five target sectors, i.e. industry, energy, transport, 
agriculture and tourism.
16
3.6 Current UK legislation
British Law, as described in section 3.2, has evolved over the past century and is presently 
being developed more rapidly than ever before. This section gives a snapshot of the current 
legislative situation within the UK.
The Environmental Protection Act Cl990) - EPA90 The Environmental Protection Act 
(1990) forms the body o f legislation for control of industrial emissions to Air and Land 
within the UK, though many processes with discharge to water are also included because of 
their potential to pollute either Air or Land.
Under EPA90 the Environmental Protection (Prescribed Processes and Substances) 
Regulations came into force from 1 April 1991. Schedule 1 of the 1991 Regulations divides 
the prescribed processes included into two categories, the A list (complex processes) and the 
‘B’ list (less complex processes). It is interesting to note that whilst A processes are 
■ onsidered to have a greater potential to pollute, the number of list B processes is far greater, 
vjlass manufacturing falls into list B (with the exception of glass/enamel frit processes 
producing more than 100 tonnes in any 12 month period which is A list). All list B processes 
are currently subject to Local Authority Air Pollution Control (LAAPC) whilst those in list A 
are subject to Integrated Pollution Control (IPC) and monitored by the Environment Agency.
Schedules 2 and 3 to the 1991 Regulations specify details such as the dates for operators of 
existing processes to apply for new authorisation. Schedules 4 (releases to air), 5 (releases to 
water) and 6 (releases to land) of the 1991 Regulations list the prescribed substances. For 
processes under LAAPC (list B) only schedule 4 applies. The substances listed under 
schedule 4 are cited by the NSCA (1996) as:
Oxides o f sulphur & other sulphur compounds 
Oxides o f Nitrogen & other nitrogen compounds 
Oxides o f carbon
Organic compounds & partial oxidation products 
Metals, metalloids and their compounds
Asbestos (suspended particulate matter & fibres), glass fibres and mineral fibres 
Halogens & their compounds 
Phosphorus & its compounds .
Particulate matter
All processes covered by EPA90 are required to use the Best Available Techniques Not 
Entailing Excessive Cost (BATNEEC) to prevent emissions or to ensure that emissions are 
kept below their specified limits. Recently BATNEEC has been taken to a new extreme and 
used against a process which was not breaking any emissions limits. HMIP (1995) write ‘A 
new CCGT built by PowerGen pic at Rye House, Hoddesdon, Hertfordshire, uses the latest 
dry low-NOx technology, achieving average NOx emissions of about 50 mg/m^. When the 
plant was being commissioned, two of the three gas turbines were achieving this figure whilst 
the emissions from the other were considerably higher but still within the authorised limit. 
HMIP considered that although the third turbine was operating within the authorised emission 
limit, the BATNEEC was not being used and required the operator to reduce the emissions 
from this unit to match the other two. After much investigation it was eventually found that
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the third unit had been fitted with the wrong combustion chambers. These were replaced with 
the correct type which reduced the emission levels.’
The legislation as applied to individual processes is explained by a set of process guidance 
notes. A detailed discussion of these notes as applied to the glass industry can be found in 
section 4 o f this report.
It should be noted that whilst at the moment most glass manufacturing processes are list B 
and subject to LAAPC, the new EC directive on IPPC (see section 3.5) may change the way 
in which they are controlled.
Clean Air Act (1993) The Clean Air Act (1993) consolidates the Clean Air Acts (1956) & 
(1968) and includes sections previously listed under other acts such as The Control o f 
Pollution Act (1974) and The Environmental Protection Act (1990). The Clean Air Act 
(1993) covers England, Scotland and Wales.
Parts I (Dark smoke), II (Smoke, Grit, Dust and Fumes) and III (Smoke Control Areas) do not 
apply to processes prescribed for control under part 1 of EPA90, of which glass manufacture 
is one.
Part IV (Control of Certain Forms of Air Pollution) applies to all processes (i.e. includes glass 
manufacture). Under Part IV, section 31. the Secretary of State is given powers to impose 
limits on the Sulphur content of oil fuel used in engines or furnaces (‘oil fuel’ meaning any 
liquid petroleum product produced in a refinery). It is the duty of either the local authority or 
the relevant inspectors to enforce any provisions drawn up as a result of these powers.
Environment Act (1995) The Act of 1995 gave powers to the Environment Agency (EA) for 
England and Wales, and to the Scottish Environment Protection Agency (SEPA). Both 
groups took over from the respective organisations for control of emissions to air and water 
and land (with the exemption of LAAPC) on 1^  ^April 1996.
Part IV of the Environment Act (1995) focuses on air quality. It requires the Secretary of 
State to formulate a national air quality strategy which must include guidance on Air Quality 
Standards (AQSs) and the objectives for achieving such standards.
Local Authorities are made responsible for monitoring and review of the air quality within 
their region with the help of a network of monitoring sites. Any area not meeting, or unlikely 
to meet the required standards is to be nominated an ‘air quality management area’ (AQMA) 
and plans should be drawn up to detail how AQSs will be met. County Councils are given 
powers to make recommendations and submit proposals to Local Authorities to aid with air 
quality strategy.
As cited by the ENDS report 257 (June 1996) The Environment Act (1995) has lead to the 
acceptance of the following AQSs as recommended be the DOE’s Expert Panel on Air 
Quality Standards (EPAQS).
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Table 3. Target Air Quality Standards [ENDS report 257 (June 1996)]
Standard Target compliance
Concentration Measured as for 2005
Benzene 5ppb running annual mean full
1,3-Butadiene Ippb running annual mean full
CO lOppm running annual mean full
Lead 0.5jig/m^ annual mean full
NO? 104.6ppb 1-hour mean 99.9^ percentile *
20ppb annual mean
97* percentile *Ozone . 50ppb running 8-hour mean
PMio 50|ig/m^ running 24-hour mean 99.5* percentile *
SO? lOOppb 15-minute mean 99.9* percentile *
Indicative’ targets to be revised in first review of strategy in 1999
.Although the focus o f the strategies developed is on transport, industry is also expected to 
make significant contributions to achieving targets with options such as fuel quality controls
and review of stack height guidance.
A comparison between the approaches of the Clean Air Act (1993) and the Environment Act 
(1995) highlights the way in which atmospheric pollution legislation is developing. The 
Clean Air Act (1993) follows the traditional style o f legislation by requiring emission limits 
to be set for specific industrial processes. In contrast the Environment Act (1995) does not 
focus on any individual emission sources, but requires an overall standard o f air quality to be 
achieved from the combined control of all emission sources.
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4.0 UK Law related to Glass M anufacturing Processes
4.1 Introduction
This section will examine the current UK legislation related to the reduction of emissions 
from glass manufacturing processes. It will focus on the emission levels expected, the 
techniques available for achieving these and the timetable to meet the requirements. As the 
author is approaching the subject from the view of a contracting company involved with the 
supply of pollution abatement equipment, matters such as applications for authorisation, 
enforcement and appeals will not be dealt with.
As described in section 3.6 glass manufacturing is a prescribed process. With the exception 
of frit manufacturing, glass processes are included under list B of the Environmental 
Protection Act 1990 (EPA90), and as such are regulated by local authority air pollution 
control (LAAPC). To aid the local authorities in LAAPC a series of process guidance notes 
have been issued as a guide on the techniques appropriate for the control of air pollution 
[DOE (1991a&b), DOE (1995a&b)]. Her Majesty’s Inspectorate of Pollution (HMIP) has 
issued a series of technical guidance notes to inform Local Authorities and manufacturers of 
the design and operation of currently available technologies for the monitoring, dispersion 
and abatement of emissions. In addition to the direct control under EPA90 manufacturing 
processes are influenced by legislation set under the Environment Act (1995) and the Clean 
Air Act (1993), details of both can be found in section 3.6.
4.2 Timetable for Upgrading
The following timetable for the implementation of legislation was set under EPA90. This 
timetable takes into account the European Community Directive ‘On the Combating of Air 
Pollution from Industrial Plants’ (84/360/EC). The data is summarised in Figure 1.
November 1990 - The Environmental Protection Act (1990) received royal assent.
February 1991 - The first Secretary of State’s Process Guidance notes for Glass
manufacturing processes were issued. These outlined the authorisation period and the 
dates for interim upgrading and completion o f upgrading of the emissions control for 
existing plant. All new plants should meet the full requirements of the guidance notes 
immediately.
August 1995 - The revised Process Guidance notes were issued.
October 1996 - Intermediate emission standards were set for the upgrading of existing plant.
These were met with control of furnace operating conditions.
August 1999 - A further revision of the process guidance notes is expected.
October 2001 - Only in exceptional circumstances should upgrading under EPA90 be 
completed later than 1 October 2001.
In addition to the requirements of EPA90, the new European IPPC Directive sets the 
following timetable [Official Journal of the European Communities (10.10.96)].
October 1996 - The IPPC directive came into force and included glass processes.
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October 1999 - Member states are required to adopt the laws, regulations and administrative 
provisions necessary to comply with the directive. IPPC requirements apply from 
10/99 to all new processes.
October 2007 - Existing installations must upgrade to the requirements o f IPPC.
[ENDS report 261 (October 1996)]
At the time of writing the UK response to the IPPC Directive is not known.
4.3 Process Guidance notes
Under EPA90 the Secretary o f state has published Process Guidance notes for LAAPC. Two 
Guidance notes apply to the glass industry: i) Glass (excluding lead glass) Manufacturing 
Processes and ii) Lead glass, Glass Frit and Enamel Frit Manufacturing Processes. The first 
'et of notes was issued Feb. 1991, with a revision issued Aug. 1995. Revisions are due every 
xour years.
The opening sections of the guidance notes [DOE(1995a&b)] highlight the objective to be 
met under section 7(2)(a) of EPA90, that is:
‘ensuring that, in carrying on a prescribed process, the best available techniques not 
entailing excessive cost (BATNEEC) will be used-
(i) for preventing the release o f substances prescribed for any environmental medium into 
that medium or, where that is not practicable by such means, for reducing the release of 
such substances to a minimum and for rendering harmless any such substances which are 
so released; and
(ii) for rendering harmless any other substances which might cause harm if  released into 
any environment.’
From section 7(2)(a) of EPA90 it can be seen that the emphasis for pollution control is very 
much towards prevention of emission formation rather than clean-up of waste streams.
Contained within the process guidance notes are the sections:
• Upgrading of existing processes (timetable given in section 4.2)
• Emission Limits and Controls
• Monitoring Sampling and Measurement
• Storage and Materials Handling
• Chimneys Vents and Process Exhausts
• General Operations
Emission limits and controls The general standards for releases to air require that all 
emissions are free from persistent mist, fume and droplets and free from visible smoke or 
particulate matter.
22
In addition to the general, requirements the following mass concentrations, expressed at the 
standard conditions of 273K and 101.3 kPa, must not be exceeded.
Table 4. Emission limits for glass processes set under EPA90 [DOE (1995a)]
W here the For 1/10/96 the For 1/10/2001 the
mass concentration concentration
emission should not should not
exceeds exceed exceed
(mg/Nm^) (mg/Nm^)
Sulphur oxides (as SO2)
- gas fired furnaces 5kg/hr - 750
- oil fired furnaces 5kg/hr - 1750
Nitrogen oxides (as NO]) 5kg/hr - 2700
Flouride (as HF) 50g/hr 20 5
"hloride (as HCl) 300g/hr 75 50
Bromide (as HBr) 300g/hr - 50
Total particulate matter 0.5kg/hr 250 100
Additional limits are set for lead glass and frit manufacturing processes which include limits 
on lead and other metals.
The revised guidance notes have had a section included (additional to the 1991 originals) 
which states that emissions may be expressed in terms of mass per unit of production. This is 
to allow for circumstances where the volume of the waste gas is reduced such as in oxygen 
enrichment and electric furnaces. '
Monitoring. Sampling and Measurement of Emissions This section sets out the requirements 
for sampling and measurement along with the requirements for submission of results to the 
local authorities. The need for and scope of testing and the frequency in time of sampling 
will depend on local circumstances and operational practice. In cases where the results are 
consistently well below the emissions limits then the local authorities can consider allowing 
an increased interval between monitoring exercises.
Chimnevs. Vents and Process Exhausts The chimney should be designed to take into account 
conditions in the area surrounding the plant, such as topography, and the relevant air quality 
standards. Further information on stack height calculations is available in the Technical 
Guidance Note (Dispersion) [HMIP (1993)].
All operations carried out on the manufacturing site, including those such as handling and 
storing of bulk materials, must be done in such a way as to minimise the likelihood of causing 
environmental pollution. It is important to keep full records and report incidents to the 
controlling authorities.
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4.4 Technical Guidance Notes - Available Technologies
The technical guidance note (abatement') [HMIP (1994)], produced by Warren Spring 
Laboratory is intended to give guidance on currently available technologies for emission 
control, particularly for LAAPC. The technologies are all end of pipe solutions, but that does 
not mean that preventative techniques, or ‘clean technologies’ can be overlooked. However, 
as discussed in section 2.2 and 2.3 the pollutants occurring from glass furnaces are caused by 
batch chemical reactions and the glass melt heating which is an integral part of the process so 
end of pipe technology will have to be used for the foreseeable future.
The guidance note discusses a range of equipment for both particle abatement and trace gas 
removal.
• Particle abatement - Cyclones, Electrostatic Precipitators(EPs), Fabric Filters, 
Scrubbers, Settling Chambers.
• Trace Gas Removal - Adsorption/Regeneration on Solids, Biofilters and Bioscrubbers, 
Incineration, Scrubbers, Sorbent Injection, Spray Dryers.
Lurgi (1993) discusses the various methods applicable to the clean-up of glass fiimace waste 
gas. For particulates EPs or bag filters are suggested, and for acid gas removal scrubbing, 
spray drying or dry sorbent injection can be used. The booklet does however stress that the 
preferred method of gas clean-up is the use of dry sorbent injection followed by an 
Electrostatic Precipitator. This is supported by over 60 Lurgi gas cleaning systems world­
wide consisting of dry sorbent injection and EP [Lurgi (1997a)].
HMIP (1994) has produced, as part o f the technical guidance notes, summary tables of the 
technologies for particulate and trace gas removal. Those technologies relevant to the glass 
industry are detailed below.
Table 5. Acid gas removal [HMIP (1994)]
W et Scrubbers 
Spray tower
Sorbent Injection Spray D rier
Efficiency (%) >90 40-80 >90
Trace gas & Particle abatement? y X X
Pressure Drop (kPa) 0.25-0.5 low low
Relative cost Installation Med Low- High
Operating Med High Med
Comments Need particulate 
abatement and 
solids handling 
equipment
Need particulate 
abatement and 
solid/slurry 
handling 
equipment
Although HMIP (1994) report that wet scrubbers can be used for acid gas removal and 
particulate removal Lurgi (1993) indicates that in the case of glass furnace waste gases the
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fames are too fine to be collected efficiently in the scrubber and additional particulate 
removal is required.
Table 6. Particulate Abatement
Electrostatic
Precipitator
Fabric Filter W et Scrubbers 
Spray tower
Relative size large large small
Efficiency (%) >99 >99 >90
Typical particle size collection 
range (pm)
> 1* >1 >2
Pressure Drop (kPa) low 1.2-5.0 0.25-0.5
Operation Temperature (°C) up to 350* limited by bag 
material
Comments Resistivity of solid 
must be in range 10’^ - 
2*10’^^ ohm.cm
Moisture can 
cause blinding 
of the bags
Cools and 
humidifies gas 
stream
Combined Particle Abatement 
1 and Trace Gas Removal
X y y
Relative Costs Installation 
1 Operating
High
Low
Med
Med
Med
Med
* Lurgi’s experience [Lurgi (1997a)] has shown that EPs can be used at temperatures >400®C 
and for collecting submicron particles, e.g. 0.05pm.
In addition to the technical guidance note on Abatement mentioned above there are other 
technical guidance notes available covering the areas of monitoring and dispersion.
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5.0 Future Legislation
5.1 IPPC
As has been previously mentioned, the recent IPPC directive on Integrated Pollution 
Prevention and Control will affect the glass industry. Currently under LAAPC the UK glass 
industry will be subjected to the concepts of IPC for the first time. There has been no 
indication of when the European Commission will set limit values for each of the processes 
listed, but it is likely that when it does the limits will be more stringent than those currently 
set under EPA90. Implementation of the directive is likely to bring the UK in line with limits 
currently set in Germany (see table 7 below) & France to help meet the European 
commitments to the UN Convention on Long-Range Transboundary Air Pollution. As can be 
seen from table 7, the main discrepancy in legislation is with regard to particulates where the 
UK limit is over three times less stringent than the German limit. In addition to this, all new 
furnaces on the continent have gas cleaning equipment operating at levels well below those 
quired by their respective national legislation, many with deNOx technologies such as SCR, 
suggesting that these operators are anticipating more stringent standards still.
Table 7. German Air Legislation as per TA-Luft [Lurgi (1997b)]
EPA90 limits 
(mg/Nm^)
Limits as per TA 
Luft (mg/Nm^)
Sulphur Oxides (as SO]) 1750 - oil firing 1600
750 - gas firing
Nitrogen Oxides (as NO]) 2700 -
Flouride (as HF) 5 5
Chloride (as HCl) 30 30
Total Particulate matter 100 30
Lead 5 5
Total arsenic, nickel, selenium, antimony. 1 1
chromium, and copper
The UK must adopt the laws, regulations and administrative procedures necessary to comply 
with the directive no later than Oct. 1999 with upgrading of existing plant to IPPC standards 
no later than Oct. 2007.
5.2 Sulphur content of fuels
There has been a directive planned for some time to control the sulphur content of fuel oils to 
<1% S [ENDS report 257 (June 1996)]. The Clean Air Act (1993) gave the Secretary o f State 
the necessary powers to limit the sulphur content of oil fuels. The Ends report 266 (March 
1997) has reported that a draft directive to limit the Sulphur content o f heavy fuel oil has put 
a 1% limit on fuels unless the fuel is burnt in plant with desulphurisation equipment. The 
effect of this directive on the availability and cost of fuels with a sulphur content above 1% 
has yet to be seen.
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5.3 CO] and NOx reductions
The reduction o f emissions of carbon dioxide and oxides of nitrogen give one of the greatest 
challenges to the world today. Through UNCED (the Earth Summit) and the UN Convention 
on Long-Range Transboundary Air Pollution, Europe and the UK have shown their 
commitment to freezing and reducing production of both pollutants, however these aims are 
becoming ever more elusive.
A European Energy Tax (or Carbon Tax), part of the trend towards taxation o f resources 
rather than income [ENDS report 257 (June 1996)] has been proposed for many years, with 
the aim of promoting energy efficiency. However the Energy Tax has been blocked 
consistently with the UK playing a key role in its failure. Both Labour and The 
Conservatives are opposed to energy taxation. It is reported [ENDS report 262 (November
1996)] that low energy prices are providing less incentives towards energy efficient processes 
and are threatening the scope for reductions in industrial CO]. With the vast amounts of 
'uergy used in glass furnaces (second only in usage to the iron and steel industry), any 
policies aimed at CO] reduction will effect the glass industry. It should be noted however 
that due to the large energy requirements it has been in the best interests of the glass 
manufacturers to increase energy efficiency. To date it has been profit maximisation (not 
environmental legislation) that has lead to the industry becoming increasingly energy 
efficient.
In continental Europe emissions of NOx, formed in furnaces mainly as thermal NOx due to 
the peak furnace temperatures, are currently being controlled by the joint use of low NOx 
burners and clean-up technologies such as SCR (Selective Catalytic Reduction). To date in 
the UK the focus has been on preventative measures such as low NOx burners with the 
Environment Agency not giving support to SCR as BATNEEC [ENDS report 262 
(November 1996)]. With regards to legislation, the UK has been standing alone with 
recommendations for NOx AQSs weaker than the rest of the EC [ENDS report 263 
(December 1996)] despite the probability that NOx reduction commitments will not be met. 
If the UK is to meet NOx targets a full assessment of the Best Available Technology for 
leNOx is required. This may come as part of IPPC initiatives to determine BATs at the 
community level..
5.4 Air Quality Standards
The most recent trend in air pollution control has been the development of a national air 
quality monitoring network (see section 3.6). This network of monitoring sites throughout 
the UK, with new sites continually being added, has been set up to measure the levels of 
pollutants in the atmosphere. To coincide with these measurements. Air Quality Standards 
(AQSs) have been set by the government. It is the long term aim to reduce the levels of 
pollutants in the atmosphere to below the AQSs, and regions where pollution levels are above 
AQSs should be designated air quality management areas (AQMAs) with plans set on how to 
reduce pollution levels.
It is realised that transport is a large contributor to local pollution episodes and EC/UK 
transport policy aims to tackle these problems. However, as cited in the ENDS report 257
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(June 1996) there is ‘a clear policy gap’ and transport policies are not expected to result in 
AQSs being met. In regions designated an AQMA industry will provide an easy target for 
reducing pollutant levels.
With AQSs comes the question, what level of pollutants is safe? Researchers in the field of 
pollution and health effects agree that the major pollution episodes of the 1950’s caused 
significant increases in mortality, and efforts have been made by governments to ensure that 
such incidents do not occur again. However, there is not agreement on the health effects at 
pollution levels common today. In a review paper by Pope et al. (1995) it is concluded that 
respirable particulate air pollution is likely to be an important contributing factor to 
respiratory disease and detrimental health effects are observed at levels below current US 
National AQSs for particulate air pollution (The US EPA average annual ambient standard 
for PMiqS is 50 jig/m^ or 150 pg/m^ as a 24 hr average [Wilson et al (1996)]). Pope et al. 
(1995) also conclude that there is no clear evidence of a safe threshold level for particulates. 
There are currently much stricter AQSs proposed for the US which include PM2.5S. The UK 
has not proposed AQSs for the fine particle fraction (PM2.5S), and has allowed 0.5% of 
measurements to breach its PMjqS 50pg/m^ 24-hour mean limit. In contrast to opinion in the 
US, the Department o f Health (1995) highlighted that most asthmatic patients should be 
unaffected by exposure to levels of air pollutants commonly occurring in the UK. They also 
stated that most evidence does not support a causative role for outdoor air pollution. They 
stress that the asthma increase over the past thirty years is unlikely to be the result of changes 
in outdoor air pollution, and that outdoor air pollution is relatively unimportant when 
compared with several other factors such as infections, allergens and cigarette smoke.
In setting the AQSs the government has not only got to take account of the often conflicting 
or uncertain ‘expert’ guidance from the departments o f health and the environment and from 
overseas, but is also under pressure from other groups (such as the Department of Trade and 
Industry - DTI) to set less stringent targets. The ENDS report 266 (March 97) writes that 
Labour have attacked a so called DTI sabotage of the current air quality standards. Labour 
claim that the DOE’s work on the regulations has been repeatedly obstructed and overruled 
by other ministries, chiefly the DTI.
Most sources agree that the issues are complex and there is a need for further research due to 
lack of clear evidence as to the effects of atmospheric pollution (particularly in the UK). In 
the words of Wilson et al. (1996) “It is an international disgrace that although we have been 
burning coal and other fossil fuels for 800 years, we still do not bum them cleanly and we are 
not sure, in detail, of the effects of burning them dirtily.”
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List of Acronyms
AQMA Air Quality Management Area
AQS Air Quality Standard
BAT Best Available Techniques
BATNEEC Best Available Technique Not Entailing Excessive Cost
BPM
CCGT
DOE
EC 
EA 
EEA 
ENDS 
EP
EPAQS 
EPA90 
EU
GJ
HMIP
IPC 
IPPC
LAAPC
NOx 
NSCA
SCR 
SERA 
SOx
UN
UNCED 
UNEP
voc
WCED 
WHO
Best Practicable means
Combined Cycle Gas Turbine
Department o f the Environment
European Community 
Environment Agency 
European Environment Agency 
Environmental Data Services Ltd 
Electrostatic Precipitator 
Expert Panel on Air Quality Standards 
Environmental Protection Act 1990 
European Union
1 gigajoule = 1*10  ^joules
Her Majesty’s Inspectorate of Pollution
Integrated Pollution Control
Integrated Pollution Prevention and Control
Local Authority Air Pollution Control
Oxides of nitrogen
National Society for Clean Air and environmental protection
Selective Catalytic Reduction 
Scottish Environment Protection Agency 
Oxides of sulphur
United Nations
UN Conference on Environment and Development (The Earth Summit) 
UN Environment Program
Volatile Organic Compound
World Commission on Environmental Development 
World Health Organisation
29
REFERENCES
Ball, S. and Bell, S (1991) Environmental Law Blackstone Press Ltd: London.
Ball, S. and Bell, S (1994) Environmental Law 2"  ^Edition, Blackstone Press Ltd: London.
Barker, T.C. (1994) An Age of Glass. Pilkington: the Illustrated Historw Boxtree Ltd: 
London.
Clean Air Act (1993) Chapter 2. Her Majesty’s Stationary Office: London.
Council Directive 91/61/EC o f24/9/96 concerning integrated pollution prevention and 
control Official Journal of the European Communities L257 10- Oct. 1996. Her 
Majesty’s Stationary Office: London
DOE (1991a) Secretary of State’s Guidance under EPA ‘90 PG 3/3C9D Glass (Excluding 
Lead Glass) Manufacturing Processes. Her Majesty’s Stationary Office: London.
DOE (1991b) Secretary of State’s Guidance under EPA ‘90 PG 3/4/911 Lead Glass 
Manufacturing Processes. Her Majesty’s Stationary Office: London.
DOE (1994) Energy Efficiency Office Good Practice Guide 127. Energv Efficient 
Environmental Control in the Glass Industry. ETSU: HarwelL
DOE (1995a) Secretary of State’s Guidance under EPA ‘90 PG 3/3(95) Glass (Excluding 
Lead Glass') Manufacturing Processes. Her Majesty’s Stationary Office: London.
DOE (1995b) Secretary of State’s Guidance under EPA ‘90 PG 3/4(95) Lead Glass 
Manufacturing Processes. Her Majesty’s Stationary Office: London.
Dept, of Health (1995) Committee on the Médical Effects of Air Pollution, Asthma and 
Outdoor Air Pollution. Her Majety’s Stationary Office: London.
ENDS reports 244 - 266 (May 1995 - March 1997). Environmental Data Services Ltd
Environmental Law (1994) ChE 47G Environmental Impacts of Pollution - course module. 
University of Birmingham
HMIP (1993) Technical Guidance Note under EPA90 D1 : Dispersion Her Majesty’s 
Stationary Office: London.
HMIP (1994) Technical Guidance Note under EPA90 A3: Pollution Abatement
Technology for Particulate Trace Gas Removal. Her Majesty’s Stationary Office: 
London.
HMIP (1995) 1994-95 Annual Report. Her Majesty’s Stationary Office: London.
30
Institute for European Environment Policy (1995) European Environment Almanac.
Earthscan Publications: London.
Lurgi (1993) Treatment o f Glass Furnace Waste Gases. Combined Separation o f Dust and_ 
Gaseous Pollutants, ref.: 1586e/l 1.92/2.10. Lurgi AG: Frankfurt/M.
Lurgi (1997a) Reference List - Electrostatic Precipitators for Dust Removal with Div 
Adsorption of Acidic Gas, ref.: P:\VETRIEBE\E-VI\KOLB/KJUL 1905.SAM/1.
Lurgi AG: Frankfurt/M.
Lurgi (1997b) Personal communication with sales managers and process engineers within 
Lurgi AG: Frankfurt/M.
NSCA - National Society for Clean Air and Environmental Protection (1996) Pollution 
Handbook, nsca: Brighton.
Pfaender, H. G. (1996) Schott Guide to Glass. Chapman and Hall: London.
Pope III C. A., Bates D.V., Raizenne M.E., (1995) Health Effects o f Particulate Air Pollution: 
Time for Reassessment? Environmental Health Perspectives Vol. 103, No. 5, May 
1995.
Wilson R., Spengler J. D., (1996) Particles in Our Air: Concentrations and Health Effects 
Harvard University Press
Literature Review
Submitted in the 2°^  Year Dissertation
2.0 Literature Review
An initial literature review, focussing on atmospheric pollution legislation, using glass 
furnaces as a case study, can be found as a separate document within this portfolio 
(Nicholas et al, 1997a). This section of the literature review, which has been updated for 
the purpose of this dissertation, evaluates the current and impending legislation for the 
control o f pollution from industrial processes. This is necessary to establish the current 
situation with respect to the regulation and choice of techniques for pollution prevention 
and control. The initial focus (s.2.1) is on the development o f legislation and assessment 
methodologies, from which it is concluded that legislation is becoming increasingly 
holistic, moving towards Life Cycle approaches. The integration of Life Cycle thinking 
into environmental legislation and the policy-making process is investigated and 
discussed (s.2.2). It is demonstrated that there is a need for further research to develop 
Life Cycle based tools both for the assessment of products or processes and for use in the 
policy-making arena.
2.1 Industrial Pollution Legislation -  Assessment Methodologies
Traditionally, UK legislation enabled the use of regulations for controlling ‘end-of-pipe’ 
releases into a single medium. Separate regulators dealt with emissions to air, discharges 
to water and disposal to land (Skea and Smith, 1998). The underlying principle around 
which legislation evolved was the concept of using the ‘Best Practicable Means’ (BPM) 
to prevent or minimise the effects of releases to the medium concerned. The National 
Society for Clean Air and environmental protection cite that the BPM concept was first 
used in Leeds in 1842 and was introduced nationally by the Alkali Act (1874). Under the 
BPM regime specific emission limits were not set, rather the inspectors achieved gradual 
improvement through co-operation with individual operators and by giving consideration 
to site specific circumstances. It has been noted that the BPM principle has often been 
used to describe the whole approach of the UK’s pollution control legislation (NSCA, 
1997, p.3).
In 1976, the Royal Commission on Environmental Pollution (RCEP) published their 
landmark fifth report on “Air Pollution Control: An Integrated Approach” (RCEP, 1976). 
The report made several recommendations that would change the nature of industrial
pollution control. Of particular importance was the recognition that the traditional 
method of single media pollution control did not provide the most effective mechanism 
for minimising the total effect o f pollution on the environment. Control of one form of 
pollution can lead to the formation of pollution in another medium. The report 
recommended that a unified pollution inspectorate be set up to ensure that the release of 
pollutants to air, water and land caused the least environmental damage overall, so 
achieving the ‘Best Practicable Environmental Option’ (BPEO). It was also 
recommended that the BPM principle should remain in use, as this enabled control 
requirements to be adapted to particular circumstances.
The RCEP’s recommendations for an integrated approach were not adopted until the 
Environmental Protection Act 1990 (EPA90) enabled the present regimes of Integrated 
Pollution Control (IPC) and Local Authority Air Pollution Control (LAAPC). In 
particular, the IPC regime aims to tackle the problem of transferring one form of 
pollution to another, as highlighted by the RCEP. EPA90 updated the BPM concept 
stating that “in carrying on a prescribed process, the Best Available Techniques Not 
Entailing Excessive Cost [BATNEEC] will be used” (s.7(2)(a)). Moreover, s.7(7) states 
that, for processes prescribed for IPC or those with multi-media releases of substances, in 
choosing BATNEEC consideration must be given to the Best Practicable Environmental 
Option (BPEO) for minimising pollution to the environment taken as a whole. It should 
be noted, however, that EPA90 is mainly emissions focused and limited to considering 
individual processes or operations. This leads to the protection of the environment in the 
immediate vicinity o f  the process, and not to the protection of the environment as a 
whole. As discussed below, this has lead to heavy criticism of the methodology for 
BPEO assessment.
HM Inspectorate of Pollution (HMIP) was established in 1987 in order to provide a more 
integrated approach to pollution control, and to develop methods for determining the 
BPEO (NSCA, 1996. P12). Not long after the implementation of EPA90 it was found 
that the legislation alone was not ensuring that applicants for IPC authorisations 
considered alternative processes or techniques (ENDS report 267, 1997, p32). In order to 
guide the choice of BPEO, HMIP began the development o f a methodology for BPEO
assessment. However, during the drafting of the BPEO assessment, HMIP received 
criticism that their interpretation of BPEO, as required under EPA90, ignored indirect 
effects such as production o f raw materials, transport, off-site power generation and 
impact on the waste hierarchy. In 1996 the Environment Agency (EA) was formed, with 
the aim o f achieving a consistent and cohesive approach to pollution control and to assist 
with the international drive towards sustainability. The EA adopted the functions of 
HMIP, the National Rivers Authority and the waste regulators, and continued to develop 
the BPEO assessment within the framework set out under EPA90. The methodology 
took four years to complete, but when it was finally published in 1997 (Environment 
Agency, 1997) it was outdated and heavily criticised. The House of Commons 
Environment Committee’s report on regulation of the cement industry stated that the 
“site-specific application of the BPEO concept had impeded [the EA] from considering 
the overall environmental effects, as required under the Environment Act 1995” (ENDS 
report 267,1997, p32).
As highlighted by Perriman (1997), much of the criticism aimed at the BPEO 
methodology has been due to the scope of EPA90, limited by its focus on release of 
substances. In contrast, under the Environment Act (1995) the EA has been given wide 
ranging objectives, which include taking a holistic approach to environmental protection 
and making contributions towards attaining sustainability (NSCA, 1997, p. 11). These 
new objectives, established in light of the Earth Summit’s recommendations for 
sustainable development, exceed the IPC regime enabled by EPA90 five years earlier. 
Aware o f the criticisms of BPEO, the EA was developing plans for a ‘wider BPEO’. 
However, this was shelved in the light of legal advice (ENDS report 269, 1997, p37). 
The EA was informed that any revisions to authorisations arising from the assessment of 
wider environmental impacts could not be enforced because the EA’s wider 
environmental duties are subordinate to its duties under IPC. Thus, legally, 
authorisations can only be granted on the basis of EPA90, which is limited to 
consideration of the release of polluting substances, and cannot be based on wider 
considerations.
Because of the restrictions of EPA90, the EA has currently only been able to address 
wider environmental concerns through voluntary initiatives with industry. An example of 
this is the development of the 3 Es methodology (HMIP and Business in the Environment,
1996), which provides useful guidance to using the clean technology approach (Clift, 
1998). The guide encourages process optimisation as an approach to pollution control, 
discouraging the use of abatement equipment alone. It is suggested that applying the 
methodology can help businesses to determine BATNEEC in terms of Emissions, 
Efficiencies and Economics (the 3Es). Importantly, the guide also encourages Life Cycle 
thinking, stating that emissions include “downstream effects of the product e.g. effects of 
impurities on downstream process emissions, or life cycle effects for customers”. Both 
the EA and the Government have suggested that any deficiencies in the EA’s powers may 
soon be removed, due to the increasing scope of EC legislation, and in particular the new 
IPPC Directive.
The EC Directive concerning Integrated Pollution Prevention and Control (IPPC) came 
into force on 16th October 1996. Member States are required to adopt the laws, 
regulations and administrative provisions necessary to comply with the directive not later 
than October 1999 (Council Directive 96/61/EC). The Directive covers a much wider 
range of environmental impacts than have previously been regulated. In addition to the 
integrated control of emissions, IPPC will require consideration o f noise, energy 
efficiency, use of raw materials, off site waste disposal, accident prevention and site 
restoration (Aichinger, 1998; Fisk, 1998). These additional considerations, as compared 
with those regulated under the UK’s LAAPC and IPC regimes are highlighted in table 1.
Table 1. Enforced requirements of control regimes.
LAAPC IPC IPPC
Prevent or reduce emissions to: Air y y y
W ater Occasional y y
Land Occasional y y
Efficient use of energy Occasional y
Raw m aterial consumption Occasional y
W aste reduction Occasional y
Off site waste disposal y
Noise, Heat and Vibration y
Post closure site restoration y
Accident prevention | y
The wider scope of IPPC is recognised as an important part in the move towards a more 
sustainable balance between human activity and socio-economic development, on the one 
hand, and the resources and regenerative capacity of nature, on the other (Council 
Directive 96/61/EC). Currently, the Department of the Environment Transport and the 
Regions (DETR) has circulated two consultation papers discussing the UK 
implementation of the Directive (DETR, 1997; 1998a). These papers have covered issues 
such as: Which processes will be included in IPPC? Who will regulate IPPC processes? 
What will be the role of the Guidance? How to account for wider costs and benefits? 
And, should issues relating to site restoration be addressed? At present these issues 
remain unresolved, but it appears that whilst there are some similarities between EPA90 
and IPPC (i.e. integrated controlling and the concept of Best Available Techniques) 
major changes will have to be made to both IPC and LAAPC due to their limited scope. 
This in turn should resolve some of the previous conflict between the EA’s limited 
powers and wider duties, previously discussed, and allow a more holistic approach to be 
adopted. The similarities and differences between IPPC’s BAT and EPA90’s BATNEEC 
are given in table 2 (overleaf).
With respect to guidance related to BAT, Article 16, paragraph 2 of the IPPC Directive 
requires the European Commission to organise “an exchange of information between 
Member States and the industries concerned on BAT” (Council Directive 96/61/EC). 
Aichinger (1998) indicated that the result of this ‘information exchange’ would be the 
publication of BAT Reference Documents (BREFs). The BREFs will be designed as a 
tool to assist regulatory authorities by giving practical guidance concerning BAT for a 
given sector. Aichinger explained further that the BREFs would contain information 
regarding ‘candidate’ techniques and the ‘reference levels’ for environmental 
performance, but that BREFs would not prescribe legally binding limits. In line with the 
site-specific approach it is required that any emission limits etc should be laid down by 
Member States on a case by case basis with regard to candidate BATs and “without 
prescribing the use of any technique or specific technology” (Council Directive 
96/61/EC).
Table 2. BATNEEC Vs BAT
UK BATNEEC EC BAT NOTES
Best means most effective in preventing, 
minimising or rendering harmless 
polluting releases. There may be 
more than one set o f  techniques that 
achieves comparable effectiveness - 
i.e. there may be more than one set 
o f “best” techniques.
shall mean most effective 
in achieving a high general 
level o f  protection o f  the 
environment as a whole.
UK BATNEEC focuses 
on polluting releases 
whereas EC BAT looks 
for protection o f  the 
environment as a whole 
+ pollution prevention 
(clean technology not 
clean-up). The scope o f  
this w ill prove to be 
vitally important.
Available should be taken to mean procurable 
by the operator o f the process in 
question. It does not imply that the 
technique has to be in general use, 
but it does require general 
accessibility. It includes a technique 
which has been developed (or 
proven) at pilot scale provided this 
allows its implementation in the 
relevant industrial context with the 
necessary business confidence. It 
does not imply that sources outside 
the UK  are “unavailable”. Nor does 
it imply a competitive supply 
market. I f  there is a monopoly 
supplier the technique counts as 
being available provided that the 
operator can procure it.
shall mean those 
developed on a scale 
which allows 
implementation in the 
relevant industrial sector, 
under economically and 
technically viable 
conditions, taking into 
consideration the costs and 
advantages, whether or not 
the techniques are used or 
produced inside the 
Member State in question, 
as long as they are 
reasonably accessible to 
the operator.
The EC available 
incorporates the basic 
principles o f  the U K ’s 
Available and NEEC 
plus wider cost/benefit 
considerations.
Techniques embrace both the plant in which the 
process is carried on and how the 
process is operated. It should be 
taken to mean the components o f  
which it is made up and the manner 
in which they are connected together 
to make the whole. It also includes 
matters such as numbers and 
qualifications o f staff, working 
methods, training and supervision 
and also the design, construction, 
lay-out and maintenance o f  
buildings , and will affect the 
concept and design o f  the process.
shall include both the 
technology used and the 
way in which the 
installation is designed, 
built, maintained, operated 
and decommissioned.
EC requires 
decommissioning o f  
technology to be taken 
into account (not 
included in UK  
BATNEEC).
NEEC needs to be taken in two contexts, 
depending on whether it is applied 
to new processes or to existing 
processes
N/A
(covered by ‘available’ 
- see above)
One of the key issues that the BREFs will not address, is that o f ‘BAT assessment 
methodologies’. The Directive (preamble, s. 18) states that “it is for Member States to 
determine how the technical characteristics of the installation concerned, its geographical 
location and local environmental conditions can, where appropriate, be taken into 
consideration” (Council Directive 96/61/EC). As recognised by the DETR, assessment 
under IPPC will be much wider in scope than BPEO, setting Member States the 
ambitious target of regulating almost the whole environmental impact o f the operation of 
an installation. It is proposed that, with respect to carrying out an integrated 
environmental assessment, statutory guidance should be developed and published by the 
Secretary of State (DETR, 1998a). Consultées were invited to submit their views on how 
this challenge might be best faced (DETR, 1997).
The principle o f devolving responsibility to Member States for practical implementation 
of EC Directives, i.e. subsidiarity, has lead to criticism. The IPPC Directive aims to 
protect the environment taken as a whole, without giving specific definition of what this 
requires or methods by which different options for environmental protection may be 
compared. Emmot (1997) states that ‘without an adequate basis for such assessments 
there is a danger that the theory of IPPC will remain just that -  a theory’, suggesting that 
implementation could result in ‘medium-specific controls bundled together in a show of 
apparent integration’. It is also argued that, in spite of the limited and contentious nature 
of the current BPEO methodology, the UK has made more progress with respect to 
mechanisms for integrated decision making than other EC Member States, many of 
whom still regulate releases to each medium separately. However, the UK’s BPEO by no 
means addresses all o f the issues required for regulation under IPPC (again it is emissions 
focussed). Hence, there is a need for further work to develop methodologies to support 
the effective implementation of the IPPC Directive at both national and EC levels 
(Emmot, 1997).
The current situation with respect to choice of techniques for pollution prevention and 
control is clearly one o f transition. There are many opportunities for research with 
respect to a framework for making and communicating ‘BPEO’ and ‘BAT’ decisions. 
Perriman (1997) has suggested that a co-operative study involving representatives from
regulators, industry, academic and other organisations could be organised to develop a 
framework for assessment of candidate BATs. This framework will need to go beyond 
the traditional considerations of ‘end-of-pipe’ emissions and energy efficiency to look at 
the wider impacts of industrial processes. It has already been noted that EU legislation 
has moved towards the holistic approach to environmental protection (Nicholas, 1998c). 
The effects of IPPC combined with developing producer responsibility legislation have 
driven the need for wider assessment o f processes, products and services. This in turn 
requires companies to address issues throughout the manufacturing supply chain. There 
is a drive towards Life Cycle approaches, which assess the environmental impacts o f a 
product or service from cradle-to-grave. Emmot (1997) concluded his paper on the 
theory and practice of IPPC by stating that, in the area of source based control, there are 
increasing possibilities for the incorporation of Life Cycle approaches into environmental 
policy. The uptake and integration of Life Cycle techniques into the policy process is 
investigated in the next section of this literature review.
2.2 Integration of Life Cycle techniques into the policy-making process.
As discussed in section 2.1, the increasing scope of environmental legislation, with its 
move towards a holistic approach to environmental control, driven by the objective of 
sustainability, has created the need for assessment of the wider environmental impacts 
caused by human activities. LCA is a tool which can be used to evaluate the wider 
environmental interventions associated with a product or service, from ‘cradle to grave’. 
As indicated by The Engineering Council (1994), “LCA applies the principles of 
sustainable development by integrating measurements over the whole life cycle, to ensure 
that improved environmental performance at one stage is not achieved at the expense of 
worse performance at another”. Moreover, as noted by Curran (1997) there is a growing 
realisation for the need to consider incorporating Life Cycle impacts in the strategic 
planning and development of government policies and regulations. In this section o f the 
review, the use of LCA and other Life Cycle techniques for policy-making is examined.
The Society for Environmental Toxicology and Chemistry (SETAC) has defined LCA as 
“a process to evaluate the environmental burdens associated with a product, process or
activity by identifying and quantifying energy and materials used and wastes released to 
the environment; to assess the impact of those energy and material uses and releases to 
the environment; and to identify and evaluate opportunities to effect environmental 
improvements. The assessment includes the entire life cycle o f the product, process or 
activity, encompassing extracting and processing raw materials; manufacturing, transport 
and distribution; use, re-use, maintenance; recycling and final disposal” (Consoli, F. ed., 
1993). Highlighting the importance of LCA, Curran and Young (1996) stated that the 
nature of LCA makes it an ideal tool for generating information to aid industry in 
environmental decision-making. This echoed the opinions o f much of the LCA 
community. In a paper discussing the uses of LCA to support European legislation 
(Schleicher, 1996), the trend towards Life Cycle approaches was confirmed. It was noted 
that there is an increasing demand for LCAs to help in decision-making and that Life- 
Cycle Assessment will play an important role for the Commission in future.
The need for producing an LCA to guide policy decisions arose in the European 
Communities with the initiation of discussions on packaging waste at the end o f the 
1970s (Schleicher, 1996). However, at that time there were no available LCAs to guide 
the decision-making process. According to Schleicher, the new Packaging Waste 
Directive (Directive 94/62/EC) has revived the discussions, with the added factor that 
there are now some LCAs available. However, the manufacturers of packaging materials 
have carried out their own LCAs only to place their own product in a favourable light. 
Schleicher notes that LCAs carried out in this manner can be of no help to the EC 
decision-making process. Other authors have also noted the tendency for LCAs to 
support the aims of the sponsoring organisation, thus reducing the credibility o f the 
results, as has been the case in the PVC debate (Lawrence et al 1997).
The use of LCAs in the waste sector has not been limited to exploring packaging. There 
is currently a large amount of work being carried out in the UK (and indeed worldwide) 
to develop Life Cycle tools for waste management. Through it’s Wastes Technical 
Division, the DoE set up a Life Cycle Research Programme for Waste Management. The 
EA took over the Life Cycle Research Programme in 1996. The first stage of the 
research programme, the development o f a framework for Life Cycle Inventory Analysis
in the waste management context, involved definition of the system boundaries and data 
compilation. The work, published in April 1997, was carried out jointly by Aspinwall & 
Co., Pira International and the Centre for Environmental Strategy at the University of 
Surrey (DoE & EA, 1997). The Ecobilan group has recently completed the next stage of 
research, the development of a user-friendly tool, on behalf o f the EA. The tool 
developed has been named WISARD or Waste — Integrated Systems Assessment for 
Recycling and Disposal. It is intended that WISARD will be used by Local Authorities 
to “model alternative waste management systems including collection, separation, 
recycling, incineration, composting and landfill and analyse their environmental 
impacts”. Additionally WISARD can be used to “develop waste management strategies 
to reduce resource use and environmental impact” (Ecobalance UK, 1998). It has been 
stressed throughout the development o f these Life Cycle tools that LCA should be used in 
conjunction with other tools, such as risk assessment, and should not be considered as a 
substitute for the decision-making process. Moreover, it is important to realise that, as 
with 3Es, use o f WISARD is voluntary. Local Authorities are still bound by legal 
obligations. Thus, if  the UK is set a target o f >50% recovery o f glass under the 
Packaging Directive, this target must be met whether or not WISARD identifies >50% 
recovery as the BPEO for waste glass.
There are early signs that the use o f Life Cycle thinking in waste management is 
beginning to have an impact on waste policy. For example. Life Cycle approaches have 
been used to challenge the legitimacy o f a strict waste hierarchy (e.g. 
prevention/reduction of waste, followed by recovery of materials or energy, then finally 
safe disposal). For instance, it has been demonstrated that in some cases, incineration of 
paper may cause lower environmental impacts than its recycling, in spite of recycling 
being preferable in the waste hierarchy (Clift and Doig, 1996 and Leach, M.A. et al
1997). As a result of this, and other similar research, both the EC and the UK’s 
Government are now relaxing their positions on the waste hierarchy. The DETR’s latest 
consultation on the waste strategy (Less waste. More value) states that the waste 
hierarchy should be used as a guide and “not a prescriptive set of rules” (DETR, 1998b). 
Thus, LCA looks set to have a large impact on future waste management policy.'
In a review of Life Cycle based Government policies, Curran noted that another area 
where LCA is having a large impact is in Product-Oriented policy (Curran, 1997). This 
review highlighted that the most common application of Life Cycle thinking is in the 
development of eco-labeling programmes. This was attributed to the integration o f Life 
Cycle ideas into several EC regulations. Other applications of Life Cycle techniques in 
Product-Oriented policy have been in the areas of procurement, taxation, manufacturing 
policy and producer responsibility (Curran, 1997).
Curran (1997) noted that with respect to Process-Oriented policy there are much fewer 
examples of Life Cycle applications than for waste and product oriented policy. In the 
first section of this literature review it was highlighted that, in the UK, Process-Oriented 
policy is based around the IPC regime under EPA90, which although taking an integrated 
approach is nonetheless emissions focused. Vernon (1998) argued that, despite the move 
towards integrated authorisations and permits, companies often need to deal with a range 
of regulators with different priorities and objectives, making a holistic approach to 
control o f environmental impacts difficult, if  not impossible. Moreover, as highlighted by 
Azapagic (1997), recent research concerning the assessment of BPEO for end-of-pipe 
control of NOx and SOx has demonstrated that the current BPEO methodology may 
result in transfer of burdens from one Life Cycle stage to another.
Although the UK’s current Process-Oriented policy does not take a Life Cycle 
perspective, this does not imply that companies are not using LCAs for self-assessment. 
For instance, companies such as ICI and Unilever are now adopting Life Cycle 
approaches in order to assess their own emissions and wider environmental impacts 
(Vernon, 1998). This often stems from the requirements of environmental management 
systems such as ISO 14000 or the European Eco-Management and Audit Scheme EMAS. 
However, Vernon (1998) notes that these developments can be hindered by the current 
“inflexible” legislation, which is failing to keep pace with environmental management 
practice. The fact that in some cases environmental legislation is now actually hindering 
environmental improvement, highlights the increasing and urgent need to integrate Life 
Cycle thinking into the policy making process. Nicholas (1998c) highlighted that one of
the challenges facing future policy makers will be to establish co-ordination between the 
control o f industrial processes, producer responsibility and the various other policy tools 
which influence different stages in the Life Cycle.
It is thus clear that the weight of current opinion suggests that, in order to guide 
environmental policy, it is necessary to consider Life Cycle impacts. However, whilst the 
fields of eco-labeling and waste management have started to adopt Life Cycle 
approaches, the use of Life Cycle techniques in the wider policy-making process has been 
limited. This is particularly true for the area of Process-Oriented policy, which has been 
superseded as the forerunner of change, by environmental management systems. In order 
to address this deficit it is necessary to understand the barriers that have prevented a more 
widespread adoption of Life Cycle techniques.
According to Azapagic (1997), the lack of international standardisation and 
harmonisation o f methodology and thus the lack of guidance on how to perform and 
interpret often complex LCAs, has probably been the most important barrier preventing 
the wider use o f LCA for policy decision-making. As noted previously, this has also lead 
to the use (or misuse) of LCAs to show certain products in a favourable light. For LCA 
to become more widely accepted as a reliable tool to guide policy decisions, such 
possibility for manipulation must be reduced. Azapagic (1997) has suggested that the 
development o f LCA standards, by groups such as SETAC and ISO, may help to resolve 
this problem, restoring credibility and reducing possibilities for misuse. It has also been 
suggested that a possible route to overcoming this type o f problem would be to establish 
an ‘authoritative body’ to make decisions. It is hoped that the establishment o f such 
‘environmental auditors’, would help in the legitimisation of Life Cycle decision-making 
through establishing constancy in environmental assessment (Schleicher, 1996).
Researchers in the field o f LCA have long recognised that Life Cycle approaches require 
much more data than conventional pollution assessment techniques. The lack o f reliable 
and accurate data has been highlighted as another major barrier to the further use of LCA 
(Azapagic, 1997; Curran, 1997). It has been highlighted that the unavailability o f data 
from other members of the supply chain has lead to the current practice of using non­
specific, so called average background data. Schaltegger has argued that such use of 
background data is “economically inefficient compared with site-specific environmental 
management and that it is likely to result in ecologically wrong decisions” (Schaltegger,
1997). This argument lies on the premise that ‘better’ decisions can be made if  actual, 
case specific data only is used. However, this argument is flawed because to take this 
stance ignores the general consensus that without a Life Cycle view it is possible to 
simply transfer environmental problems firom one stage in the Life Cycle to another. 
Schaltegger does indicate the potential that standardised, site-specific management 
systems (e.g. ISO 14000 and EMAS) have to deliver easily verifiable data. With the 
increased implementation of such management systems, along with the increased 
requirements for transparency and public access to information there is increasing 
opportunity for LCAs to be based on actual site-specific data.
An alternative solution to data availability involves reducing tiie amount of data required. 
This can be achieved by streamlining the LCA. This can involve not only making data 
more available, but also limiting the number of Life Cycle stages to be examined or 
limiting the impact categories to be examined. It has also been suggested that ‘threshold’ 
levels could be used to eliminate the very small impacts. However, it must be ensured 
that data omission is not to such an extent that the study moves away from a Life Cycle 
basis, thus introducing potential for misleading results (Curran and Young, 1996). Future 
research must develop the potentials of streamlining LCAs, but must also investigate 
whether omission o f data can lead to serious environmental problems being overlooked.
There is a clear need for further research concerning the integration of Life Cycle 
approaches into the decision making process, be that for determining the case specific 
BPEO or for wider policy issues. Adoption o f Life Cycle perspectives would enable 
legislation to achieve a higher level o f protection for the environment as a whole and 
would support the move towards sustainability.
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DETERMINATION OF ‘BEST AVAILABLE 
TECHNIQUES’ FOR INTEGRATED POLLUTION 
PREVENTION AND CONTROL: 
A Life Cycle Approach
M. J. NICHOLAS (associate member)^ -, R. CLIFT (fellow)^  A. A Z A P A G IC \ F. C. WALKER" and
D. E. PORTER-
^ S ch o o l o f  E n g in e e r in g  m th e  E n v ir o n m e n t. U n iv e r s i ty  o f  S u r r e y , G u ild fo r d ,  S u rre y , U K  
' L u r g i  ( U K )  L td , W o k in g , S u r r e y , U K
T he EC Directive on Integrated Pollution Prevention and Control (IPPC), now to be implemented in the UK under the Pollution Prevention and Control Act (1999), will widen the range o f issues to be considered by enforcing authorities when determining 
the Best Available Techniques (BAT) for an installation. IPPC requires integrated control o f 
emissions to air, water and land, the efficient use of energy and raw materials and the avoidance 
or reduction o f impacts caused by disposal of wastes. This paper demonstrates that adopting 
a life cycle approach for the assessment of candidate techniques can fulfil these new 
requirements when choosing BAT. The glass manufacturing industry is used as a case study 
to show that the methodology can be used to assess both primary (in-process) and secondary 
(end-of-pipe) techniques for pollution prevention and control. General conclusions are drawn 
regarding the use o f life cycle approaches to support the assessment o f BAT, limitations in 
the current methodology and the requirements for future research.
Keywords: Life Cycle Assessment; Best Available Techniques; pollution prevention and 
control; environmental management.
INTRODUCTION
Over the last 25 years, the quantity and scope o f legisla­
tion for the control o f industrial pollution has increased 
dramatically, motivated in recent years by preoccupation 
with Sustainable Development^"'*. Tools such as Life Cycle 
sessment (LCA) have been developed to support holis­
tic analysis o f the environmental impacts associated with 
a service, product or process from ‘cradle-to-grave’ "^^ . 
Figure 1 illustrates the basic concept o f LCA*. Established 
environmental management approaches, including Integra­
ted Pollution Control, consider emissions from a process 
or plant (System 1 in Figure 1). By contrast, LCA considers 
the whole supply chain o f materials and energy from 
primary resources through to ultimate disposal (System 2). 
In some cases, the life cycle extends only to the product, 
not including use, reuse or recycle, and disposal. Such a 
curtailed life cycle is known as a ‘cradle-to-gate’ assess­
ment. LCA is becoming established as a tool to aid decision­
making in the fields of waste management® and product- 
oriented p o l i c y I t s  use in the field o f process-oriented 
policy has, however, been limited^"’*^ . Whilst many com­
panies are using LCA within their environmental management 
systems, it has yet to achieve widespread use by authorities 
when considering permitting o f industrial processes^"'** 
This paper discusses the current scope o f legislation for 
industrial environmental protection in the UK and high­
lights the limitations that have restricted pollution control
to regulation of releases directly from a process. Imple­
mentation o f the new Directive on Integrated Pollution 
Prevention and Control^^ will require new tools so that the 
full impacts of an installation can be assessed on an inte­
grated and holistic basis for^the determination o f Best 
Available Techniques (BAT)^"'. It is argued here that life 
cycle approaches can be used both to provide an integrated 
assessment o f environmental impacts and to include some of 
the wider considerations required by the Directive. The 
possible scope o f an LCA to support the determination of 
BAT is described and the glass manufacturing industry is 
used as a case study to demonstrate the methodology and to 
highlight areas where it is necessary to carry out further 
research.
THE LIM ITATIONS OF CURRENT  
UK LEGISLATION
Prior to the Environmental Protection Act 1990^  ^
(EPA90), emissions from industrial processes in the UK 
were subject to single medium regulations covering releases 
to air, water or land. In 1976, the Royal Commission on 
Environmental Pollution (RCEP) highlighted that this 
approach was not the most effective for minimizing the 
total impact of pollution on the environment: control of 
one form of pollution can transfer impacts to another 
medium*^. It was recommended that a unified pollution
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inspectorate should be set up to ensure that the release of 
pollutants to air, water and land caused the least environ­
mental damage overall by choosing the Best Practicable 
Environmental Option (BPEO). In many respects, the 
legislation that has developed in the UK over the past ten 
years has implemented these recommendations. EPA90 
put in place the system of Integrated Pollution Control 
(IPC)*®, which takes account o f the combined emissions 
from a process. The Environment Act 1995^® established 
the Environment Agency (EA), in part to ensure a consistent 
and cohesive approach to authorizations under IPC.
Differences in scope between the two Acts have, how­
ever, lead to conflicts between the EA’s obligations and 
the measures it can enforce through the IPC regime. EPA90 
is limited to control o f emissions from individual processes 
or operations, so that IPC is ‘integrated’ only in considering 
the effects o f direct emissions on all media. EPA 90 does 
not allow IPC permits to set conditions for wider issues 
with impacts elsewhere in the supply chain, such as resource 
use or energy consumption. However, the statutory objec­
tives for the EA set out in the 1995 Act include a 
requirement to take a holistic approach to protection and 
enhancement o f the environment, considering impacts of 
substances and activities on all environmental media, 
including depletion of natural resources.
The discrepancies between the two Acts are central to the 
current debate concerning methodologies for the assess­
ment of BAT/BPEO. Soon after publication o f the EA’s 
BPEO guidance note for processes subject to IPC'^, these 
inadequacies within the methodology were highlighted. 
Specifically, the House of Commons Environment Committee 
stated that the new BPEO assessment concentrated exclusively 
on direct emissions from the process and excluded impacts 
from raw material selection, transport, off-site power genera­
tion and waste disposal"®. This narrow scope resulted in 
BPEO assessments, which were inconsistent with the EA’s 
general duty to consider the environment as a whole.
IPPC AND THE NEED FOR A LIFE  
CYCLE APPROACH
The EC Directive concerning Integrated Pollution Pre­
vention and Control (IPPC)*^ came into force on 16 October 
1996. Member states must adopt the laws, regulations and
administrative provisions necessary to comply with the 
Directive not later than October 1999. The Directive applies 
to most processes that are subject to Integrated Pollution 
Control, many that are listed for Local Authority control 
and some which are not regulated by industrial pollution 
control legislation (including agriculture). In the UK, IPPC 
is to be implemented through the recently passed Pollu­
tion Prevention and Control A ct"\ Although some o f the 
fundamental concepts o f IPPC originate from UK legisla­
tion, notably the requirement for an integrated site-specific 
approach to pollution control, the full requirements of the 
Directive have initiated substantial changes to the current 
UK approach'". Consistent with the international emphasis 
on Sustainable Development, the IPPC Directive requires 
that processes be assessed on a much wider basis than set 
under EPA90, including the control of whole installations 
rather than individual processes, and covering many more 
environmental impacts"". In addition to the integrated 
control o f emissions to air, water and soil, IPPC requires 
the consideration o f energy efficiency, use o f raw materials, 
off-site waste disposal and site restoration. Moreover, 
IPPC spotlights the process upstream o f the effluent dis­
charge, favouring reduction o f pollution at source (i.e., 
prevention) as opposed to end-of-pipe solutions. There­
fore, IPPC goes far beyond the current, emission-focused 
system of Integrated Pollution Control (IPC). The increas­
ing scope of industrial pollution control, from single 
medium approaches, through IPC to IPPC and potentially 
further towards Sustainable Development is depicted in 
Figure 2.
The IPPC Directive highlights that manufacturing pro­
cesses have impacts on the environment which exceed the 
boundaries o f the specific installations being regulated. 
Whether these impacts arise from off-site generation of 
electricity or processing o f raw materials, they must be 
considered when making the choice of the Best Available 
Technique (BAT) for any specific installation. On-site 
energy use illustrates the implications o f this shift. Legis­
lation covering only direct emissions from the process 
favours use o f electricity generated elsewhere, rather than 
generation or co-generation on-site, even though this could 
enable fossil fuel to be used more efficiently with lower 
environmental impacts overall"^’""^. One o f the recognized 
advantages of the more holistic IPPC approach is that it 
should avoid such displacement o f environmental 
im p acts^ 'en ab lin g  the EA to redefine its BPEO method­
ology to meet the broader obligations defined by the 
1995 Act'^. The challenge now is to develop a systematic 
approach to integrated assessment incorporating both emis­
sions from an installation and the wider issues included 
in IPPC. It is proposed that such an integrated approach 
can be developed based on Life Cycle Assessment (LCA).
LCA provides a formalized method for the assessment 
of all environmental impacts associated with a service, 
product or process"^. It is based on the mass and energy 
balance o f a defined system. Once the aims o f the assess­
ment and the system boundaries have been defined (Goal 
and Scope Definition), then the material and energy 
consumption and emissions to air, water and land from the 
system are identified and quantified (Inventory Analysis). 
The environmental burdens are then classified according 
to their contribution to a number of environmental impacts 
(Impact Assessment), including Ozone Depletion Potential,
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Global Warming Potential and Human Toxicity. This 
enables comparison o f different products or services, based 
on the same function that they deliver. Alternatively, LCA 
can be used to highlight ‘hotspots’ in a life cycle, i.e. the 
stages causing greatest environmental harm, so that these 
can be targeted for improvements. As stressed by the Royal 
Commission on Environmental Pollution, an approach 
based on LCA is the only way to ensure that the full 
range of options and repercussions is considered when 
assessing different technologies LCA is ideally suited 
to the kind o f integrated, holistic assessment required by 
Topc to assess the different technologies being considered
BAT, to identify which o f them has the lowest ‘cradle- 
to-grave’ impacts based on emissions, energy and resource 
use.
It is important that the IPPC Directive allocates the 
responsibility for developing BAT assessment methodolo­
gies to individual member states. It is unlikely, however, 
that all member states will adopt the same approach to BAT 
assessment. The Directive suggests that if  discrepancies 
arise in implementation o f the Directive, then uniform 
emission limits should be adopted (Article 18)^ .^ However, 
this goes against the recommended site-specific approach 
to pollution control. A  more satisfactory solution would 
be to ensure that all member states use the same or similar 
methodologies for assessment o f candidate BATs. It is 
therefore important that consultation among the competent 
authorities is carried out to ensure a unified approach 
towards determination of BAT throughout the EU^ ^^ .
The requirement to take local conditions into account 
raises a methodological problem: there is no single tool 
that can be used to assess all impacts on both global and 
site-specific bases. The decision-maker must decide which 
tools are appropriate for any specific study. Clift and Doig"^
have discussed the cases whereby it is necessary to use a 
global impacts tool that is time and site-independent, 
such as LCA, with a local impacts tool that is time and 
site-dependent, such as Impact Pathway Assessment (IPA) 
(see Figure 3).
The assessment of BAT for a specific installation con­
cerns choice o f technological process for a given location 
(Case C in Figure 3). This requires both LCA and IPA: LCA 
to provide an integrated assessment of the impacts on the 
environment as a whole, and IPA to highlight risks to
Choice of 
Technolog}’
Unspecified1 3
Choice o f Site
F ig u r e  3 . Application of LCA and site specific approaches such as 
Impact Pathway Assessment (from Clift and Doig**). Case A: Choice of 
technology for an unspecified site; this is the established application 
of LCA. Case B: Assessment of local effects of emissions from a specified 
technology at different sites: this is the established application of IPA. 
Case C: Choice of technological process for a specified site, requiring 
both LCA and IPA. Case D: Selection both of the site and the technology, 
requiring both LCA and IPA.
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receptor groups from specific releases. The methodological 
problems lie in reconciling these approaches. For atmos­
pheric emissions, from both fixed installations and road 
transport, a methodology is emerging to combine LCA 
and IPA"'. However, this approach is not yet fully estab­
lished, and there is as yet no equivalent approach for deal­
ing with site-dependent releases to water and soil. Thus 
there is currently no general method for determining BAT 
for a specific site, considering local issues along with the 
entire life cycles of materials and energy.
THE SCOPE OF A LIFE CYCLE BASED  
BAT ASSESSM ENT
This section outlines the scope o f an LCA required, to 
support the determination o f BAT within the decision­
making process. For more detailed definitions of some of 
the terms used (e.g., BAT), see Appendix A.
To determine the system boundaries for a life cycle 
based assessment to support a choice of BAT, it is necessary 
to examine the scope o f IPPC. One point to note is that 
the task of comparing the impacts o f different products 
or services is not within the scope or purpose of the IPPC 
Directive. The aim of a BAT assessment is to compare 
various techniques for the production of a specific product 
or products, and identify those with the least environ­
mental impact. Therefore, as long as the different processes 
do not alter the product specification, it is possible to omit 
all environmental impacts related to the product use and 
disposal. In this case the LCA can be streamlined so that 
the BAT assessment is solely based on ‘cradle-to-gate’ life 
cycle data. This requires the assumption that the patterns 
of use and disposal of the product are not dependent upon 
the method by which the product is manufactured.
In defining the system boundaries, it is useful to follow  
the foreground/background system approach developed 
by Clift and Doig"®, whereby the ‘cradle-to-gate’ system  
is subdivided into:
Foreground system, comprising the installation which
includes gas cleaning, effluent treatment and on-site
waste management. The definition o f ‘installation’ 
corresponds to the site boundaries of a plant.
Background system, including all activities which 
exchange materials and energy with the foreground 
system, but are otherwise unaffected by choices made 
in the foreground system.
A detailed breakdown of specific stages in the foreground 
and background is presented in Table 1 and Figure 4.
With respect to the quality o f data required for the 
assessment, the data used for the foreground system (the 
installation) should be case specific. These should either 
be operational data collected from the installation or, in 
the case of a new or modified installation, case-specific 
design data. For the background system, specific data con­
cerning the materials, energy sources and waste disposal 
routes associated with an installation are often not avail­
able or may change over the lifetime of that installation. 
For example, electrical energy is supplied from the national 
grid, which has a varying mix o f generation sources. In 
these cases it is appropriate to use industry-averaged 
data (e.g., UK average energy mix) which are readily 
obtainable from databases.
For the purpose of an LCA, the emissions and resource 
use can be termed as Direct, Indirect or Avoided Burdens"^. 
Direct Burdens arise from the foreground system (the 
installation); Indirect Burdens arise from production of 
materials and energy in the background system for use in 
the foreground; and Avoided Burdens correspond to 
activities in the background system which are displaced 
by materials or energy recovered from the foreground. 
Avoided burdens become most significant when dealing 
with BAT options for waste management processes involv­
ing recovery o f energy or materials.
In applying the streamlined, ‘cradle-to-gate’ life cycle 
approach for BAT assessment, it is important to bear in 
mind that, whilst the solution may be the BAT for produc­
tion o f that specific product, it may not be ‘sustainable’ 
in the most general sense o f the term^-^. Sustainable devel­
opment requires attention to social and ethical concerns 
which are not mentioned in the IPPC Directive nor in
T a b le  1. Life cycle stages in the foreground and background.
System Life cycle stage Notes (from IPPC Directive)'^
Foreground Installation
(including gas cleaning, effluent treatment 
and on site waste management)
In determining BAT, consideration must be given to the use of low-waste 
technology; the use of less hazardous substances; the furthering of recovery 
and recycling of substances generated and used in the process and of waste, 
where appropriate; the need to prevent or reduce to a minimum the overall 
impact of emissions on the environment and risks to it.
Installations must be operated in such a way that no significant pollution is 
caused and waste production is avoided; where waste is produced it 
is recovered or.
Background Off-site waste management where that is technically and economically impossible, it is disposed of 
while avoiding or reducing any impact on the environment.
Energy production Installations must be operated in such a way that energy is used efficiently.
Extraction and processing of raw materials In determining B.AT, consideration must be given to the consumption and 
nature of raw materials (including water) used in the process and their 
energy efficiency.
Excluded from system Product use and disposal IPPC is focused on the prevention and minimisation of pollution from 
industrial activities only. Other legislation covers product use, disposal and 
recovery (e.g.. Producer Responsibility).
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F ig u r e  4 . The system boundaries for BAT assessment within IPPC (adapted from Clift and Doig"*). See Appendix A for definition of relevant terms.
discussions on Integrated Product Policy (IPP). The criti­
cism therefore remains open that IPPC can be applied to 
selecting environmentally the ‘best’ way to provide goods 
and services that are so wasteful and unnecessary as to be 
socially and economically unacceptable. Addressing this 
issue requires weighting of environmental impacts against 
socio-econom ic values-^, something that no current EU 
legislation attempts to address.
Finally, when taking a life cycle approach it is nece­
ssary to relate all environmental burdens to the function 
that the system delivers, thus enabling comparisons to be 
made between releases to different environmental media. 
The function o f the system is defined by the Functional 
Unit. For instance, the functional unit could be ‘operation 
of the system for the one year’ or ‘production o f 1000 kg 
of a product’. From a legislative viewpoint, emissions have 
traditionally been quantified in terms of the stream in which 
they are carried: mgm"^ or m g l“\  for example. Like LCA 
however, IPPC encourages emissions to be related to a 
actional unit, for example the product of the installation, 
mus allowing easier comparison between different technol­
ogies and releases to different media. Moreover, since the 
environmental burdens associated with off-specification 
products are accounted for, the choice of a unit o f saleable 
product as the common basis encourages more efficient 
processing and thus reduces the burdens associated with an 
installation.
CASE STUDY; GLASS M ANUFACTURING
The viability of life cycle approaches for choosing BAT 
under IPPC is here demonstrated by a case study o f glass 
manufacturing. Two scenarios are considered: scenario 1 
examines the choice of fuel for a new installation and 
scenario 2 analyses the impacts associated with the retrofit 
of two flue gas treatment technologies to meet different 
emission limits. The retrofit technologies considered here 
are: (1) Pilkington’s 3R® NOx reduction process and; (2) 
Dry lime acid gas scrubbing with dust removal by electro­
static precipitation. As discussed previously, a ‘cradle-to- 
gate’ LCA is used for the BAT assessment and the
functional unit is taken to be 1 kg o f saleable glass (packed 
ware). It must be stressed that for both scenarios most 
of the data used are industry averages for the purpose of 
demonstration of methodological issues only; the conclu­
sions must be verified by plant-specific data for any 
particular installation.
In the glass manufacturing process, raw materials 
(mainly sand, soda ash and limestone) are delivered to the 
installation and stored in the batch house together with 
recycled off-specification product (cullet) and dust collec­
ted from waste gas cleaning. The batch mixture is fed into 
a furnace where it is heated by natural gas or oil fired 
burners. During the melting o f the batch mixture approxi­
mately 18% of the mass of raw materials is lost to the flue 
gas due to melt reactions and generation o f COz^.  The 
homogeneous pool o f molten glass flows from the furnace 
and is formed into the required shape, checked for quality 
and transported to the point o f use. Furnace combustion 
air is preheated using the energy from the waste combus­
tion gases in the furnace regenerator. The waste gases are 
released to atmosphere, with the option o f flue gas clean­
ing prior to discharge through the stack. These operations 
constitute the foreground for this system, the specific site 
that is the source of the Direct Burdens. The background 
system, giving rise to the Indirect Burdens whose location 
is unidentified, are the operations which supply electricity, 
prepared fuels and raw materials. The software used to 
carry out the LCA was Ecobilan’s TEAM package"'\ whose 
DEAM database was used to estimate the Indirect Burdens.
Various methods of Impact Assessment (listed in 
Appendix B) were used to analyse the differences in 
environmental performance between the different options. 
However, none of the existing approaches for estimating 
Human Toxicity in LCA includes the effects o f particu­
lates, whereas much o f the discussion over BAT for the 
glass industry has concentrated on the human health 
impacts o f particulates'’^ "^ ". It was therefore necessary to 
estimate the effect o f particulates for inclusion in the 
Human Toxicity impact category. From a thorough epide­
miological study '^ ,^ the relative human health impacts 
based on urban hospital admissions in the UK for SOx,
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T a b le  2 . Typical emissions for a 200 tpd furnace without emission 
control^ .^
Concentration, mg Nm"^
Component Gas-fired* Oil-fired*
Oxides of nitrogen (as NO,) 2400 2100
Oxides of sulphur (as SO,) 850 3800
Hydrogen chloride (HCl) 30 30
Hydrogen fluoride (HF) 8 8
Particulate matter 130 150
* Values for natural gas (virtually no sulphur) and heavy fuel oil (3-4% 
sulphur).
NOx and PM to (Particulate Matter < 10 diameter) were
estimated to be in the ratio 1:2.5:4.8. That is, an increase 
of 10/tgNm ”  ^ in the mass concentration o f PMjo in the 
atmosphere causes 4.8 times as many hospital admissions 
as an equal increase in SOx concentration (Nm^ indicates 
volume normalized to 273 K and 101.3 kPa).
Scenario 1— Choice o f Fuels for a N ew Container 
Glass Installation
This scenario considers the construction of a new installa­
tion for the manufacture o f 400 tonnes per day (tpd) 
container glass, consisting o f two furnaces each with the 
capacity of 200 tpd. It is assumed ± a t 20% of the glass 
produced is off-specification and is recycled to the batch 
house, so that each furnace yields 160 tpd o f saleable 
glass and the whole installation yields 3.2 x  10  ^kg per day, 
i.e. 3.2 X 10  ^ functional units. As noted above, reducing 
the proportion o f process scrap provides an obvious way 
to reduce the environmental impact of making the glass 
product.
In this example the BAT decision involves primary 
in-process methods for pollution reduction, with the choice
between the use o f 3.5% sulphur fuel oil or natural gas 
as the fuel for the furnace burners. As cited by DOE^^, the 
energy requirements for a typical 200 tpd furnace are 
6.2 GJ tonne"' melt supplied by oil or gas for furnace firing 
and 1.3 GJ tonne"' melt supplied by electricity for support 
functions such as lighting, instrumentation and mechani­
cal handling. Each furnace will generate 21,300 Nm^ hr"' 
of waste gas with emissions as given in Table 2.
Figure 5 depicts the results o f Impact Assessment (lA), 
showing the impacts o f gas firing as a percentage of the 
impacts for oil firing. For each impact category a range 
of values has been calculated using the full range of 
methods for estimating environmental impacts (see 
Appendix B): the bars represent the range o f values 
obtained by differing methods for this specific case, and 
are highly case-specific. For example, the low variation 
for the Human Toxicity category in this case results from 
the fact that most o f the impact arises from production of 
raw materials, which are unaffected by choice o f furnace 
fuel. For other LCAs, the uncertainty associated with 
calculation o f Human Toxicity could result in large varia­
tions within this impact category. The differences between 
lA  methods arise primarily from whether and how they 
treat transfers o f pollutants between the different media—  
air, water and land. In reality, this depends on local 
conditions. This further demonstrates the need to integrate 
life cycle approaches with site specific IPA on a case-by- 
case basis.
Thus, there is a clear need for continuing research with 
respect to the methodologies for assessment o f all Impact 
categories so that developing scientific knowledge can be 
included. Whilst such methodological issues remain unre­
solved, decision-makers must be aware of and informed 
by all different lA  methods and should in all cases state 
which methodologies have been used.
In spite of the uncertainties inherent in Impact Assess­
ment, Figure 5 shows that there is a clearly preferred option
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F ig u r e  5 . Gas vs. oil. Impact comparison using different impact assessment methods.
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in this specific case: gas-firing has lower impacts than 
oil-firing in seven of the nine categories, while most assess­
ment approaches also show that gas-firing leads to less 
eutrophication. Thus the example demonstrates how LCA 
can be used to support the choice of BAT.
Scenario 2— Retrofit o f Abatem ent Equipm ent to an 
Existing Furnace
Whilst Scenario 1 examined the use o f LCA for a new 
installation. Scenario 2 uses data from an existing installa­
tion to assess the implications of retrofit technology. 
The installation considered is a Pilkington float-glass 
furnace, and the assessment is based on published 
data^ '^^ ". The furnace produces approximately 600 tpd of 
glass, or 4.8 x  10  ^ functional units, and is fired with natural 
gas. The waste gas flow is in the region of 60,000- 
65,000 Nm"^ hr"' and has a typical emissions composition 
as shown in Table 3. As with scenario 1, it is assumed 
that 20% of product is off-specification.
h retrofit technology, it is possible to design the 
process to achieve various degrees of reduction in emis­
sions. The following sections assess the environmental 
impacts caused by installing in one case Pilkington’s 3R®  
technology and in the other case acid gas and particulate 
removal to achieve emission levels below those in Table 3.
Addition of the 3R ®  de-NOx Technology
As described in the EC BAT Reference Document 
(BREF) for glass manufacturing^®, Pilkington’s 3R® pro­
cess (Reaction and Reduction in Regenerators) involves 
chemical reduction of NOx through injection of hydro­
carbon fuel immediately prior to the furnace regenerator. 
This study investigates the cradle-to-gate impacts caused 
by three different NOx emission limits, each based on 
figures currently being discussed in the literature. The limits 
are a reduction from present emissions to 800 mgNm"", 
as discussed in an example by Pilkington^^'"^ and a reduc­
tion to either 700 mg Nm"^ or 500 mg Nm"", the achievable 
ranqe cited in the glass BREF^®. The additional fuel 
r rement is reported to be 6-10%  of the furnace melting 
energy, resulting in an increase in CO2  emissions of 4 - 6
T a b le  3 . Typical emissions from float-glass fumace^’"^ *.
Component Concentration, mgNm"^
Oxides of nitrogen (as NO;) 2500
Oxides of sulphur (as SO;) 600
Particulate matter 150
tonnes per tonne o f NOx abated"®. The calculations here are 
based on the upper figure, leading to the values in Table 4.
The Impact Assessment results are shown in Figure 6. 
Each value represents the percentage change within an 
impact category for NOx reductions to 800, 700 and 
500 mg Nm"^ relative to the base case o f 2500 mg Nm"^, 
evaluated as the median of the changes calculated using 
the full range o f assessment methods available within 
TEAM®' (see Appendix B).
Reductions o f NOx using 3R®  result in large reductions 
in Acidification and Eutrophication and a smaller reduction 
in Human Toxicity but at the expense of small increases 
in the Depletion of Non-renewables, Greenhouse Effect 
and Photochemical Oxidant Formation. With respect to 
choice of BAT, this assessment seems to indicate that 3R®  
is on the whole environmentally beneficial. As with many 
environmental assessments, however, the final outcome 
depends upon the relative importance that the decision­
maker assigns to each impact category.
As usual in LCA, the change within each impact cate­
gory is directly proportional to the amount o f NOx emission 
removed. The process has been modelled assuming a linear 
relationship between NOx reduction and fuel consump­
tion; thus the cradle-to-gate LCA shows a linear relation­
ship between NOx reduction and changes in each impact 
category. Based on this model, 3R® can be deemed bene­
ficial no matter what NOx emission limit is set, since all 
environmental gains and losses change proportionally to 
each other. As demonstrated in the following section, this 
conclusion does not apply for all technologies. It is also 
an oversimplification in this case: for high NOx reductions 
the process is likely to become non-linear, with increas­
ing excess o f fuel needed to achieve further reduction 
in NOx. In this case, the environmental benefits o f further 
NOx reduction could be outweighed by the additional 
burdens created by fuel consumption and CO2 production. 
The reaction conditions within the furnace system play a 
key role in determining the link between reduction in 
pollutant and changes in impact categories. Further experi­
mental and modelling work is required in this area.
Addition of Acid Gas and Dust Abatem ent
The most commonly used process for removal o f acid 
gases and dust from the furnace flue gas involves the 
injection o f dry lime into the waste gas ducting, downstream 
of the regenerator. The gases are then passed through a 
reaction tower to allow adequate mixing for reaction. An 
electrostatic precipitator is used to remove the reaction 
products and furnace particulates, which are then recycled 
to the batch house and are assumed to displace limestone
T a b le  4 . Basic data for 3R® technology.
NOx emission (reduction from 2500 mg Nm"^)
800 mg Nm“^ 700mgNm"^ 500mgNm"^
3R fuel consumption (g/kg product*) 9.5 10.1 11.2
NOx removed (g/kg product*) 4.4 4.6 5.1
Additional CO2 produced (g/kg product*) 26.0 28 31
With 20% off-specification, kg product =  kg melt x 0.8.
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F ig u r e  6 . Median change in impacts for reductions of NOx from a tj’pical emission of 2500 mg Nm"
in the batch mixture. Due to the increased pressure drop, 
through the additional ducting and equipment, the stack 
cannot work by natural draft and it is necessary to include 
a fan within the system.
As in the case of de-NOx, it is possible to design the 
process to achieve differing degrees o f acid gas and dust 
abatement. The emissions used in this assessment are based 
upon the limits set for the glass industry under Local 
Authority Air Pollution Control (LAAPC) and the range of 
achievable emissions cited in the Glass BREF®®'"®'®". Basic 
process calculations have been used to obtain the values 
in Table 5. These represent the quantities necessary to 
achieve reductions in the stated emission limits from 
the typical unabated emissions o f 600 mg Nm"" SOx and 
ISOmgNm"® particulates.
The Impact Assessment results are given in Figure 7. As 
with the previous case, the chart shows the average change 
in impacts associated with differing emission levels, based 
on the different assessment models within TEAM"'.
When considering the cradle-to-gate impacts caused 
by the addition o f acid gas and particulates abatement 
equipment an important feature emerges: at low levels o f 
emission reduction the addition o f such equipment actually 
causes an increase in all impact categories. At higher levels 
of pollutant removal, however, there are reductions in 
both Acidification and Human Toxicity, with only minor 
further increases in other impacts. Tliese effects result 
from the fact that it is necessary to construct an entire gas 
cleaning system whether the reduction in emissions be 
large or small and most o f the increase in impacts result 
from the power consumed by the fan, which depends only 
very weakly on the efficiency of removal o f PMio and 
SOx. However, the reductions in Acidification and Human 
Toxicity result directly from abating these pollutants. It 
follows that, to gain maximum environmental benefit, 
the gas cleaning system should be designed to remove as 
much pollutant as is practicable in order to outweigh the 
negative impacts inherent in the system.
T a b le  5 . Basic data for acid gas and dust abatement equipment.
SOx emission 
Dust emission
(mg Nm“ )^ 
(mg Nm“ )^
L.AAPC BREF (high) BREF (low)
590*
100
500
20
200
5
Lime consumption (g/kg product) 0.25 0.31 2.28
SOx removed (g/kg product) 0.03 0.26 1.029
Particulates removed (g/kg product) 0.13 0.34 0.37
Dust recycled (g/kg product) 0.5 0.8 4.1
Electricity (kJ/kg product) 25 26 37
* Although the current emission of 600 mg Nm"  ^ is within the LAAPC limit, some acid gas removal is required to prevent 
corrosion of the precipitator.
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F ig u r e  7. Median change in impacts for emission reductions from typical values of 150mgNm~^ for dust and 600mgNm”  ^ for SOx.
A second point o f interest emerges when examining the 
sensitivity o f the results to changes in emissions. As noted 
above, current legislation focuses on the reduction of 
particulates. This study, however, indicates that particulate 
reduction has a relatively minor role to play in reducing 
impact to the environment as a whole. More benefit can be 
gained by focusing attention on SOx, and thus on achieving 
larger reductions in the Acidification impact category. 
However, site-specific considerations also need to be exam­
ined in any specific case, and could indicate a need for 
dust abatement— for example, if  a high-density human or 
non-human population is exposed to the emissions.
Discussion
To determine the optimum emission level to be achieved 
by a specific technique, it is necessary to model the ‘cradle- 
to-gate’ impacts over the full range o f  pollutant removal. 
Such a modelling exercise would produce the kind of results 
shown in Figure 8, which compares a ‘clean technology’ 
(3 R@) with an ‘end-of-pipe’ technique (acid gas and dust 
abatement). Figure 8 can be best understood by consider­
ing that the total impact from a system arises from the use 
and release o f substances and construction, maintenance 
and decommissioning o f the installation. For a process 
plant o f long lifetime and large production volumes, the 
impacts associated with construction, maintenance and 
decommissioning are usually negligible. The net impact 
then reduces to a trade-off between the use of energy and 
substances and the release o f emissions. However, it is 
usually necessary to introduce further trade-offs between 
different impact categories^'^ 1.14.24 .2 6 . i-gi^tively rare
that one alternative shows overall improvement in all 
categories, as in the case o f gas vs. oil firing considered in 
scenario 1. Assessing the trade-offs between categorically 
different impacts takes the process outside the scope of
environmental science, and requires some form of con­
sultative or deliberative process with the stakeholders’"*.
"When examining the net impacts associated with 
different levels o f pollutant removal, the concept of an 
Improvement Threshold (IT) emerges. For an ‘end-of-pipe’ 
technology, at low levels o f pollutant removal, the ‘fixed 
burden’ inherent in the system due to energy consump­
tion dominates and the net impact can be greater than 
that for the base case with no modification to the installa­
tion. As the percentage o f pollutant removed is increased 
then the benefits gained from reduction of emissions start 
to balance and outweigh the ‘fixed burden’. Thus the net 
burden is reduced. At a specific level of pollution reduc­
tion— the IT— the net environmental impact associated 
with the retrofit technology becomes lower than that asso­
ciated with the base case. The IT will vary depending on 
the technology used. For example, for a ‘clean technology’ 
the inherent ‘fixed burden’ is low and the IT can be found 
at low levels o f pollutant removal. For an ‘end-of-pipe’ 
technology the inherent ‘fixed burden’ can be high and 
there is a need for a large amount of pollutant removal to
Net Impact
—  End-of-pipe 
. . .  ‘Clean 
technology' 
Improvement 
r t  Thresholds
Base
case
100
Percent of pollutant removed
F ig u r e  8 . Potential net impacts for two technologies.
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reach the IT. In addition, at high levels o f pollutant removal 
there may be a need for greater resource and energy use to 
gain small incremental improvements in pollutant reduc­
tion. At this point, the net impact can increase dramati­
cally. Thus, it is possible to find both lower and upper 
Improvement Thresholds, the locations o f which must be 
determined on a case-specific basis. When establishing 
emission limits for an installation it is essential that the 
impacts associated with the full range of pollutant removal 
are examined and the limits are set within the Improvement 
Thresholds.
have a technical connection with the activities carried out 
on that site and which could have an effect on emissions 
and pollution;
‘pollution’ shall mean the direct or indirect introduction 
as a result o f human activity, o f substances, vibrations, heat 
or noise into the air, water or land which may be harmful 
to human health or the quality of the environment, result 
in damage to material property, or impair or interfere with 
amenities and other legitimate use of the environment.
CONCLUSIONS
Life Cycle Assessment can provide the kind of integrated 
environmental assessment required by the Directive on 
Integrated Pollution Prevention and Control. LCA is 
applicable to both new and existing installations. Aggrega­
tion of the different resource uses and emissions into a 
•.cognized set o f impact categories enables technologies 
with very different environmental interventions to be com­
pared. However, the examples also illustrate the uncertain­
ties and methodological difficulties in selecting a BAT, 
associated primarily with Impact Assessment. Reducing 
these uncertainties is a key area for future work.
APPENDIX A  
Definitions (from Article 2, Council D irective 91/61/EC) 
For the purposes o f the IPPC Directive,
‘best available techniques’ shall mean the most effective 
and advanced stage in the development o f activities and 
their methods o f operation which indicate the practical 
suitability of particular techniques for providing in principle 
the basis for emission limit values designed to prevent and, 
where that is not practicable, generally to reduce emissions 
and the impact on the environment as a whole:
-  ‘techniques’ shall include both the technology used 
and the way in which the installation is designed, built, 
naintained, operated and decommissioned,
-  ‘available’ techniques shall mean those developed on 
a scale which allows implementation in the relevant indus­
trial sector, under economically and technically viable 
conditions, taking into consideration the costs and advan­
tages, whether or not the techniques are used or produced 
inside the Member State in question, 'as long as they are 
reasonably accessible to the operator,
-  ‘best’ shall mean most effective in achieving a high 
general level o f protection o f the environment as a whole;
‘competent authority’ shall mean the authority or authorities 
or bodies responsible under legal provisions of the Member 
States for carrying out the obligations arising from this 
Directive;
‘emission’ shall mean the direct or indirect release of 
substances, vibrations, heat or noise from individual or 
diffuse sources in the installation into air water or land;
‘installation’ shall mean a stationary unit where one or 
more activities listed in Annex I to the Directive are carried 
out, and any other directly associated activities which
APPENDIX B 
Impact Assessm ent M ethods 
The impact categories used in this study are^’:
CML— Air Acidification
CML— Aquatic Eco-toxicity
CML— Depletion o f non renewable resources
CML— Depletion of the ozone layer (high)
CML— Depletion of the ozone layer Oow)
CML— Eutrophication 
CML— Eutrophication (water)
CML— Human Toxicity
CML— Terrestrial Eco-toxicity
Ec(R)— Depletion of non renewable resources
Ec(Y)— Depletion of non renewable resources
Ec(R*Y)— Depletion o f non renewable resources
ETH— Air Acidification
IPCC— Greenhouse effect (direct, 20 years)
IPCC— Greenhouse effect (direct, 100 years)
IPCC— Greenhouse effect (direct, 500 years)
USES— Aquatic Eco-toxicity
USES— Human Toxicity
USES— Terrestrial Eco-toxicity
WMO— Photochemical oxidant formation (high)
WMO— Photochemical oxidant formation Qow)
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ENVIRONMENTAL PROTECTION
Pending 
European 
legislation is 
forcing glass 
manufacturers 
to reduce 
emissions in 
order to comply 
with new 
standards. Mike 
Nicholas* 
discusses the 
calibration 
requirements 
for particulate 
monitoring of 
glass furnace 
waste gases.
M e th o d  fo r  t e s t in g  p a r t ic u la te s
is the key to accurate calibration
T :
;
I he glass manufecturirig 
industry is currently 
undergoing a period of 
transition with respect to 
environmental pollution control 
and measurement This is a direct 
result of both national legislation, 
for example the impending UK 
deadline for the Environmental 
Protection Act 1990 (EPA90), and 
European legislation, such as the 
Directive on Integrated Pollution 
Prevention and Control (IPPC). 
The legislation is forcing 
reductions in emissions, which are 
being achieved through both 
primary measures (in-process 
emission reduction) and the 
increasing need to install flue gas 
cleaning systems.
i
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Fig 1. Distribution of dust contained in furnace waste gases (Lurgi, 1993).
M easu rem en t e r ro r s
With the requirement to reduce emissions comes the 
need for continuous emissions monitoring systems, in 
order to demonstrate legislative compliance. With 
tightening emission limits, the errors associated with 
emissions measurement become increasingly 
important HMIP (1994) reports that the precision of 
available instrumentation is relatively high. For 
example, transmissometers (optical density 
measurement) have a precision of approximately 2%. 
However, a factor that is more important than precision 
is calibration, which affects the accuracy of the 
measurements. A high precision instrument if 
calibrated poorly, can be misleading.
In order to discuss the issues associated with 
methods for calibration of a continuous emission 
monitoring system, this article focuses on particulate 
sampling for glass furnaces in the UK. There are three 
British Standards available for particulate 
measurement: BS 893:1978; BS 3405:1983 and BS 
6069:1992 (section 4.3). BS 6069 is identical to ISO 
9096:1992. To determine which method is most
Table I. Comparison between BS 3405, BS 893 and BS 9096.
BS:3405:;19 ^ 8 5  6069^ 992BS893:i1978
;No OTsaniple pdfnts.
momwpedèdai^
iMinimumpartide 
^uircmentff
l^ectiop;
efncien
suitable, it is necessary to compare the three standards 
with respect to overall accuracy and ability to measure 
the fume emitted.
P a rtic u la te  so u rc es
Prior to examining the details within the standards, the 
nature of the particulate emissions should be 
understood. Particulate matter originates from two 
main sources within an installation. The primary 
source is the furnace itself. According to Lurgi (1993), 
these particles are extremely fine [fig 1), and are 
categorised as a fume, with the majority having 
diameters in the range 0.01/im to O.lS/xm (djQ 
= 0.06jL4m). About 90% of particulate emitted from the 
furnace is formed due to resublimation of saltcake 
(Na^ SO^ ), which has been volatilised from the glass 
melt (Department of the Environment, 1994). The 
remaining 10% of furnace particulate includes those 
entrained from the batch mixture and combustion 
products. The second source of particulate matter arises 
from legislative requirements to install process plant to 
remove acidic compounds from the flue gas. For the
Best Avziilable Technique, this entails addition 
of lime in the form of a dry powder (dgg 
= Tpim), the majority of which is subsequently 
collected by electrostatic precipitator. Since it 
is easier to collect the larger particles (as 
distinct from the fume), it can be seen that, 
whether there is gas cleaning equipment 
installed or not, the emissions to atmosphere 
will mainly consist of the sub-micron fume 
emitted from the furnace ip ig  1).
Overall accu racy
As cited in the standards, the main influence 
on the accuracy of measurements obtained is 
associated with the number of sampling points 
{Table I). Both BS 893 and BS 6069 require a 
large number of sampling points across the 
duct to obtain a representative sample (for 
example 4 to >40 for BS 893), whereas BS 
3405 states that only four or eight sampling
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points are necessary (since BS 3405 is a 
simplified method). So, for example, a duct 
with a 2.25m diameter would require 16 
sampling points using BS 893 or BS 6069 and 
only four sampling points using BS 3405.
Thus, the accuracies for both BS 893 and BS 
6069 (±10 %) are greater than that for BS 
3405 (±25%).
In terms of particulate emissions measured 
using BS 3405, this means that a reading as 
high as 125mg/Nm  ^could relate to actual 
emissions that are compliant with the 
lOOmg/Nm  ^UK limit (ie +25%). Conversely, a 
reading that suggests compliance may relate to 
actual emissions of 132mg/Nm  ^ (-25 %). Use of 
BS 893 or BS 6069 would narrow this margin 
of error significantly.
S e p a ra to r  specifica tion
Î second major and arguably more 
uiiportant difference between the standards 
concerns the specification for the separator 
used to filter the sampled particles f^m the 
collected flue gas. Within the standards, 
minimum efficiencies for the mass of particles 
collected are stated for differing particle sizes 
{Table /). As can be seen, BS 3405 requires the 
separator to achieve a lower collection 
efficiency than BS 893, which in turn requires 
a lower collection efficiency than BS 6069.
As for the sub-micron fume, important for 
glass furnace waste gas, BS 3405 does not
state a minimum efficiency, whereas BS 893 
requires >90 % for particles <0.5jum and BS 
6069 requires >98% for 0.3jum particles.
Thus, BS 3405 and to a lesser extent BS 893 
could both underestimate the quantity of 
particulate matter in the waste gas, as 
compared with measurements obtained using 
BS 6069. Indeed, for iron and steelworks, the 
Chief Inspector's Guidance (HMIP, 1995) 
states that BS 6069 is more appropriate than 
BS 3405 due to the problematic nature of 
measuring fume.. •
From tiiis comparison it can be concluded 
that, when calibrating a continuous emissions 
monitoring system for glass furnace particulate 
matter, BS 3405 should not be used, but BS 
6069 or possibly BS 893 should be considered. 
Contrary to this conclusion, however, the 
Secretary of State's guidance note (DOE, 1995) 
states that BS 3405 is the reference test 
method to be used. Further examination of the 
practicalities involved in these standards would 
be advisable to determine which method would 
be suitable. It is clear that this is an issue that 
requires a more detailed analysis, if systematic 
calibration errors are to be avoided, g g
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I t is com m onplace in Europe to com plain  
about the flow— at times, flood— of regula­
tions that emerge from the Commission o f  the 
European U nion  in Brussels. Too often, there 
seems to be an obsession with 
standardization o f things that 
are best left to local practice—  
the principle o f devolving to 
the most appropriate level is 
called “subsidiarity” in the cu­
rious form of English that has 
developed as Eurospeak. Some­
tim es, however, a pattern 
emerges. Whether it is planned or coincidence is 
impossible to say, but Directives on Integrated 
Pollution Prevention and Control (IPPC) and 
on Producer Responsibility are starting to show 
a pattern that just could give some impetus to 
the development of industrial ecology.
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. . . subsidiarity begs the fa^ 
miliar question o f how to 
trade off different and in- 
commensurable 
mental impacts.
environ^
We will start with IPPC. In the United King­
dom, a deceptively similar acronym is now well- 
known: IPC (Integrated Pollution C ontrol), 
which came in with the 1990 Environmental 
Protection Act. The IPC re­
gime was introduced to ensure 
that control of pollution from 
industrial processes did not 
merely transfer one form of 
pollution to another, for 
example, by exchanging a wa­
ter-borne emission for an at­
mospheric release. By taking 
all emissions from a process together to define the 
Best Practicable Environmental Option (BPEO), 
IPC introduced a new measure of holism into en­
vironmental regulation. IPC has been introduced 
sector by sector since 1990 to processes subject to 
its provisions in England and Wales, with Scot­
land and Northern Ireland following.
In October 1996, the European Directive on 
IPPC came into effect. Casual reading, or insuffi­
Irtnrn/if nf trtrinl
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cient attention to the words behind the acronym, 
might suggest that IPPC represents a UK con­
cept— IPC— finding its way into European law. 
(Contrary to the popular view, this does some­
times happen.) But reading behind the title re­
veals something more interesting. IPPC 
introduces further measures of holism into envi­
ronmental regulation. It introduces new consider­
ations: noise, energy efficiency, use of raw 
materials, off-site waste disposal, accident preven­
tion, and site restoration. Most significantly, IPPC 
says that the whole life cycle leading up to the pro­
cess in question has to be considered in defining 
the Best Available Technique—BAT for short (or 
Technology, a subtle distinction that we do not 
explore here). The important considerations for 
the main industrial processes are currently being 
defined by a group at the Institute for Prospective 
Technological Studies (IPTS) in Seville, who are 
drawing up a set o f BAT Reference Documents 
(BREFs—a second-order acronym).
To sum it up, IPTS is writing BREFs to sup­
port implementation of IPPC, which goes be­
yond IPC in defining BPEO. (W ell, it makes a 
change from Eurospeak.)
Now  let’s look downstream o f  the process. 
T he concept of producer responsibility says that 
recovery or disposal o f a product becomes the 
responsibility o f the company providing the 
product. “Take-back” of manufactured products
is an extrem e example of im plem enting pro­
ducer responsibility and will be covered by D i­
rectives on, for example, electronic goods, white 
goods, and automobiles. Requiring recovery and 
recycling o f packaging materials is another ex­
ample o f producer responsibility in action: It 
puts onto the supplier the responsibility to  
“valorize” (a veritable paradigm of Eurospeak) 
the waste material.
To make the effects of these changes clearer, 
figure 1 shows how they impinge on  the manu­
facture of container glass. In England and Wales, 
making container glass has not been covered by 
IPC— so far only em issions to air from the 
manufacturing process have been regulated. But 
IPPC covers the supply chain from cradle to 
gate, and producer responsibility covers every­
thing after use of the container. Taken together, 
the two sets o f provisions cover pretty nearly the 
whole life cycle— a new measure o f holism in 
environm ental performance that many indus­
tries have yet to realize, let alone adapt to.
It is much too early to say what effects these 
changes in the basis o f environmental legisla­
tion will have. On the positive side, if a manu­
facturer is required to consider its life-cycle  
environmental impacts, the legislation should 
promote first waste minimization, then clean  
technology, and maybe even industrial eco l­
ogy— if your waste is someone else’s feedstock.
Enerxj
materlah ItnpoRs
Key:
I { No LcjUlatkm
Use IPPC
Cl her Cf. lower 
grade glass
Figure I Manufacture of container glass.
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your practice really is likely to be a best environ­
mental option, IPTS has to update the BREFs, 
and someone somewhere may even dedicate a 
new acronym to you.
But the devil will lie in the detail. In this 
case, the name o f the dem on is “subsidiarity.” 
Member states must introduce legislation and 
regulations to implement the IPPC Directive by 
October 1999. However, it is left to member 
otates to translate the BREFs into regulations 
that recognize local environmental and social 
priorities. In the United Kingdom, this raises a 
problem immediately: IPC covers regulation o f  
emissions but does not permit consideration of 
resource consum ption. More generally, 
subsidiarity begs the familiar question of how to 
trade off different and incommensurable envi­
ronmental impacts. Even in the relatively simple 
case o f glass-making, it is already clear that dif­
ferent European countries will introduce differ­
ent limits on the atmospheric emissions from 
glass processes (figure 1).
Glass-making is already “on the cusp” be­
tween different gas-cleaning technologies. 
Therefore, even small differences between atmo­
spheric emission levels could lead to adoption of
different processes in different countries. This 
could be the downside— or, at least, the unin­
tended result—of IPPC and producer responsi­
bility: that it w ill shift production to those 
countries that have the most lax regulations. 
The waste material— bottles and jars, in the case 
here— might be made in one country, used in 
another, and recycled in a different place again. 
Is this good or bad? Does IPPC pay enough at­
tention to transport? It depends on your world 
view: how do you regard the Basel Convention 
or the World Trade Organization? Do you regard 
the market or the regulator as the arbiter?
W e gaze into our glasses and ponder. Ours 
contains Scotch whisky. Britain is a net exporter 
of clear glass (with whisky in it) and a net im­
porter o f  green glass (with wine in it). Is this ex­
change com patible w ith developing an 
industrial ecology for glass? A  Scotch in any 
other bottle tastes just as f in e___
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In this article MIKE NICHOLAS and ALAN TERRY*
discuss the twists and turns along the EC's legislative pathway 
towards control of gaseous furnace emissions.
A n inherent elem ent o f  
the glass making 
process is the formation 
o f gaseous pollutants. 
These arise from the 
glass melt itself, from the combustion 
products o f furnace firing or from  
elsewhere, for exam ple off-site gener­
ation o f electricity. Pressure has been  
mounting in recent years to reduce 
pollution levels and to achieve accept­
able air quality standards. This article 
discusses the flurry o f new Directives 
emanating from the EC.
Current UK legislation
For the past seven years the UK  
glass manufacturing industry has 
been aware o f its obligations estab­
lished under the Environmental 
Protection Act 1990 (EPA90). Most 
glass manufacturing processes have 
been prescribed for regulation by 
Local Authority Air Pollution  
Control (LAAPC). Guidance notes 
were issued in 1991 and revised in 
1995'. LAAPC requires operators to 
upgrade existing processes to use 
the Best Available Technique N ot 
Entailing Excessive Cost (BAT- 
NEEC) and to m eet the specified
Furnace 
waste — 
gas Reaction
tower
Precipitator
FanSorbent
storage Chimney
Sorbent
injection
Container/batch house
À Fig 1. Possibly BATNEEC, if primary techniques are insufficient.
atm ospheric em ission lim its, no later 
than O ctober 2001 {Table I).
T he options for BATNEEC have 
been discussed previously at length. 
G oode et aP highlighted that, wher­
ever possible, reduction o f  pollutants 
at source should be the first priority. 
However, where em ission limits can­
not be achieved by primary m ethods 
it will be necessar}' to use other tech­
niques. It was suggested that
Component Typical values 
(mg/Nm’ - 8% O,, dry)
LAAPC 2001 Limits' 
(mg/Nm' - 8% 0^ , dry)
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BATNEEC for the glass industry 
m ight involve dry injection o f  lim e  
into the furnace waste gas, followed  
by a reaction tower, an electrostatic 
precipitator for particulate rem oval 
and a fan, as shown in f ig  1. Indeed, 
this is the predom inant arrange­
m ent o f  the gas clean ing systems 
that have been installed by Lurgi on  
glass furnaces worldwide.
T he advantages o f  the dry system  
with precipitator (as opposed  to 
wet/semi dry scrubbing and/or fabric 
filters) include:
■  H igh efficiency abatem ent for 
gaseous and particulate pollutants 
(easily capable o f  m eetin g  the strin­
gent German TA-Luft em ission stan­
dards).
■  Low pressure drop, and low  
energy consum ption.
■  Low m aintenance.
■  Dry handling o f  lim e and reac­
tion products.
■  N o visible plum e und er m ost 
atm ospheric conditions.
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■  N o effluent treatm ent or spent  
bag disposal.
■  Recycling o f  reaction products to 
batch possible in m ost cases.
■  Advantageous, clean gas side 
waste heat recovery possible.
■  High operating tem perature 
allows application o f  SCR deNO^ 
technology.
The road to IPPC
At a time when m any glass m anufac­
turers are preparing to install abate­
m ent equipm ent, to fulfil their 
obligations under EPA90, a new  
r  :st in the legislative saga has 
erged from the European  
Community (EC). Glass m anufactur­
ing has been included within a new  
EC Directive on Integrated Pollution  
Prevention and Control (IPPC)’, 
which came into force on 16 O ctober 
1996. T h e UK, a long with all other  
EC Member States, is required to 
adopt the laws, regulations and  
administrative provisions necessary 
to comply with the directive not later 
than October 1999.
In som e respects IPPC is sim ilar to 
the UK’s Integrated Pollution  
Control (IPC) regim e. IPC was 
established under EPA90 with the  
remit to cover the m ore com plex  
and potentially m ore polluting  
processes. It involves the integrated  
control o f  polluting releases into all 
'ee environm ental m edia (air,
.ter and land). T h e  philosophy  
behind this approach stems from the 
fact that, in controlling em issions to 
one environm ental m edium , there is 
a danger o f  simply transferring
them  into em issions elsewhere.
For exam ple, use o f  scrubbing 
equipm ent may convert gaseous pol­
lutants into a liquid effluent or a 
solid waste. In addition, IPC recog­
nises that it is inappropriate to 
adopt blanket em ission limits, as 
there are many case specific factors 
which need to be considered when 
choosing the Best Practicable 
Environmental O ption (BPEO) for a 
given site. T h e IPPC directive has 
adopted these concepts, and for the 
first time in the UK (and many other 
EC M ember States) the glass m anu­
facturing industry will be subjected  
to an integrated form o f  control, 
requiring site specific assessm ent. 
However, whilst IPPC is similar to 
IPC in these aspects, it is important 
not to get caught out. T here are 
som e fundamental differences.
O ne o f  the major impacts that 
IPPC will have on UK legislation  
concerns the variety o f  issues to be 
regulated. T he Directive covers a 
very wide range o f  environm ental 
impacts, taking a m ore holistic 
approach. N ot only does it cover 
em issions, but also it requires regu­
lators to consider noise, energ)' effi­
ciency, use o f  raw materials, o ff site 
waste disposal, accident prevention  
and site restoration. This wider 
scope is also evident in the defini­
tions behind IPPC’s acronym, BAT. 
H ere, ‘Best’ is with respect to the 
environm ent as a w hole (not just 
polluting releases); ‘Available’ incor­
porates wider cost/benefit considera­
tions (includes NEEC); ‘T echniques’ 
not only includes the technology
TABLE II. ENFORCED REQUIREMENTS 
OF CONTROL REGIMES.
m^WaieS ^Occasioral
1
Postxdôsûré:siceîrèstoratioh%^ %
used, the way it is designed, built, 
m aintained and operated, but addi­
tionally the m ethods for decom m is­
sioning. As illustrated in Table II, 
IPPC covers far m ore than LAAPC 
or IPC.
In order to gu ide M em ber States 
in enforcem ent o f  BAT, the EC is 
co-ordinating an ‘exchange o f  infor­
m ation’. T his is being carried out at 
the Institute for Prospective 
Technological Studies (IPTS) in 
Seville and the result will be a set o f  
BAT Reference Docum ents (BREFs) 
for each industry sector. Within 
each BREF will be information  
regarding ‘candidate’ techniques 
and ‘reference levels’ for environ­
mental perform ance. T h e BREFs 
will be for guidance purposes only 
and the w eight that they carrv' will 
depend heavily on the status they 
are given by each m em ber state.
They will not set legally b inding lim ­
its, nor will they set out any specific 
m ethodology for com parison o f  can­
didate BATs. That is left to the 
responsibility o f  each M em ber State. 
Ultimately, the impact IPPC will 
have on industry will d ep en d  upon  
the m anner by which the Directive is 
transposed into national legislation.
Through allowing M em ber States 
to im plem ent IPPC on an individual 
basis, the EC is risking inconsistency  
in regulation and differing environ­
mental perform ance. T h is would be 
far from the harm onisation envis­
aged. In anticipation o f  differing  
standards IPPC allows for em ission  
limit values to be set som e tim e in 
the future, at an EC level, if  there is 
a need to do so. However, this may 
result in watering down o f  som e  
Member State’s legislation in order 
to make limits acceptable to others. 
Additionally, blanket lim its would be 
in contradiction to the principle o f  
case specific assessm ent. W ould it 
not be m ore appropriate to adopt a 
uniform assessm ent m ethodology, 
thus allowing BAT decisions in all 
Member States to be m ade on the 
same basis?
Currently, the UK governm ent has 
circulated two consultation docu­
ments regarding im plem entation o f  
IPPC. With respect to assessm ent o f  
BAT (Integrated Environm ental 
Assessment), statutory gu idance has 
been proposed. Other issues covered  
by the consultation docum ents
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include: Who will 
regulate IPPC 
processes? Wliat will 
be the role o f  the 
Guidance? How will 
the wider costs and 
benefits o f  an instal­
lation be accounted  
for? And how 
should issues relat­
ing to site restora­
tion be addressed?
For now these issues 
remain unresolved, 
but it is already 
clear that EPA90 
and the current 
LAAPC/IPC 
regim es will need  to 
be significantly 
m odified. Tliis must 
be achieved prior to 
the October 1999 
deadline for M ember State im ple­
m entation.
Energy
0 0 Inports
Ennissionstoair, 
water and land Sating and 
rprocessing
M anufactinng Quality Container ------ 4 - 0 Use
process coTtrd filling
Key:
I I N o L e ^ la tic n
□  me
I I Roducer
Re^onsibility
Miterial
rçrocessing
▲ Fig 2. Environmental policy covering the Life Cycle of a glass container.
The bigger picture
Glass manufacturers are only too  
aware that industrial pollution con­
trol legislation is not the only envi­
ronmental policy com ing from the 
EC at the m oment. Producer 
Responsibility, which encourages 
producers to regain value from their 
waste products, has already been  
applied to packaging. Directives 
covering electronics goods and auto­
mobiles are also on the way. T hese  
directives, like IPPC, cover a much  
wider scope than has previously 
been seen. To assess the im pact o f  
these Directives on the environm ent 
as a whole it is necessary to consider  
the entire Life Cycle o f the product 
(fig 2). For exam ple, reduced em is­
sions and energy use in the furnace, 
through use o f  larger quantities o f  
cullet, can only be achieved at the 
expense o f  increased em issions and 
energy use caused by the waste m an­
agem ent stages o f  transport and  
reprocessing. T o optimise the sys­
tem, Life Cycle thinking suggests 
that glass recycling would be m ost 
beneficial in densely populated areas 
with a glass furnace nearby, thus 
m inim ising transport burdens. In 
which case the question should be 
asked, why are all Local Authorities, 
rural and urban, encouraged to m ax­
im ise their recycling? Should not 
efforts be focused on urban areas?
In addition to IPPC and Producer 
Responsibility, other EC Directives 
covering air quality and sulphur 
content o f  fuels will also have an 
im pact on  the techniques used in 
glass m anufacturing. T o  make a 
decision on the BPEO for glass 
manufacture, the potential influ­
ences o f  all these d iffering policies 
n eed  to be considered. Will future 
air quality standards for PM,,,s 
b ecom e significantly m ore stringent, 
thereby increasing the mass o f par­
ticulates to be rem oved from  waste 
gases? W ith regard to IPPC, do the 
benefits o f  gas cleaning outweigh 
the costs and how strictly should the 
EC’s Polluter Pays Principle be 
enforced? Also considering IPPC, is 
O xy-fuel firing really beneficial 
when oxygen  generation itself 
causes pollution? Will regulation  
under IPPC require waste heat boil­
ers on  the flue gas to improve 
energy efficiency? Will h igh  sulphur 
fuel oil becom e unavailable or will it 
becom e a cheap choice for those 
who can burn it in furnaces fitted 
with gas clean-up equipm ent? Will 
Producer Responsibility change the 
quantities o f  cullet used and signifi­
cantly reduce furnace emissions?
Each o f  the questions above merits 
ajournai paper in itself, but one 
point is clear there is currently much 
to discuss, and quickly! In the midst 
o f  all the uncertainty it should not 
go unnoticed  that the UK glass 
industry has still to m eet the emis-
Waste
m a r a g e t r e n t
I Disposal 
'e g .  landfill
Othr 
eg. lower 
gade  glass
sion limits set under LAAPC by 
October 2001. Whilst som e m anu­
facturers will be able to m eet these 
limits using primary m easures, these 
them selves may be expensive  
enough to warrant a lon ger term  
decision to fit gas cleaning plant. 
M oreover, there is the probability o f  
more stringent limits in  the future 
that would only be achievable using  
gas cleaning equipm ent. If it is con­
sidered that there are a lim ited  
num ber o f  reputable equipm ent 
suppliers, the pressure is on  to avoid 
an eleventh hour scram ble to m eet 
the deadline. C jla s s
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Legislation’s 
going holistic
sustainability
i  h o l i s t i c  a p p r o a c h  
to  p r o t e c t i o n  o f  t h e  
m v i r o n m e n t  i s  
, o m i n g y o u r  w a y .
M ik e  N i c h o l a s  r e p o r t s
Just when you thought you
knew all about Best Practicable
Environmental Options 
BPEOs), here comes something to add 
L new dimension. European Union (EU) 
egislation has recently moved towards a 
lolistic approach to environmental pro- 
ection. With it has come the need for 
vider assessment of processes, products 
md services, looking beyond emissions 
o address issues throughout the manu- 
acturing and supply chain. Integrated 
Pollution Prevention and Control (IPPC) 
egislation, due by 1999, will endorse 
his philosophy.
Don’t let the word “holistic” throw 
rou. Holism says simply that certain 
wholes are greater than the sum of their 
Darts. So a holistic view of the environ­
nent assesses not just all of man’s differ- 
ng environmental interventions, but 
issesses them as a whole, considering 
heir interactions with one another. This 
zoncept is not new for end-of-pipe 
emissions. As long ago as 1976, in its 
Ifth report Air pollution control: an  inte- 
irated approach, the Royal Commission 
Dn Environmental Pollution highlighted 
hat in controlling emissions into one 
medium (air, water or land), there was a 
danger of simply transferring them into 
emissions elsewhere. Now it is being 
applied more widely.
Prevention In IPPC
The EU Directive on IPPC, updating IPC, 
is currently in consultation, and member 
states must enact legislation by October
1999. It takes the concept of environ­
mental holism a step beyond emissions 
control. In addition to the integrated 
control of emissions to air, water and 
soil, IPPC requires you to think about 
energy efficiency, the use of low waste 
technology, the recovery and recycling 
of substances and the consumption and 
nature of raw materials (including water) 
used in a process. These concepts are 
providing a basis for the EU Best 
Available Technique (BAT) Reference 
documents (BREFs), currently being 
drafted in Seville, Spain, and will bring a 
new dimension to assessment of the 
BPEO for a 
process.
Through 
addressing issues 
such as the con­
sumption and 
nature of raw 
materials, the EU is 
recognising that 
environmental 
impact caused by 
industrial process­
es goes far beyond 
the substances 
which are released 
from stacks or 
pipes. For exam­
ple, the reduction 
of chemical oxy­
gen demand 
(COD) from a liq­
uid effluent may 
require techniques 
which use more 
energy and materi­
als. The generation 
of that energy and 
manufacture of 
those materials cre­
ate their own bur­
dens on the envi­
ronment, such as 
depletion of natur­
al resources. Thus,
any additional material and energy use 
must be compared with the original 
effluent, to ensure that the final solution 
achieves a high general level of protec­
tion of the environment. Moreover, IPPC 
will require an analysis o f the process 
upstream of the effluent discharge, 
favouring reduction of pollution at 
source —  that is, prevention —  as 
opposed to end-of-pipe solutions.
The m an u fac tu rers’ 
responsibility
The EU’s holistic approach to legislation 
for environmental protection is not lim-
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ustainability.
:ed to control of industrial processes. It 
nust simultaneously take into consider- 
tion the whole of a product’s life, from 
cquisition of raw materials, through 
nanufacture, through use, to final dis- 
)osal; from cradle to grave. To estab- 
ish control over disposal options, 
ecent “producer responsibility” legisla- 
ion has focused on “end-of-life” pred­
icts or materials to encourage their 
euse, recycling or recovery.
An example is the packaging regula- 
ions enforced in 1997. The targets set 
or recovery and recycling of various 
jackaging materials affect the entire 
vaste management infrastructure. But 
esponsibility lies with the producers,
;o that waste management costs are 
rarried by manufacturers and retailers, 
frocess engineers have a vital role to 
)lay in ensuring that manufacturing 
processes and products are designed to 
acilitate closed loop systems —  that is, 
îystems which utilise wastes from one 
Drocess as feedstock for others, remov- 
ng the need for disposal.
Making decisions by LCA
Life Cycle Assessment (LCA) is a 
process that evaluates all the environ­
mental interventions associated with a 
product or service, from cradle to 
grave. To chemical engineers the fun­
damentals of LCA are not new. The 
methodology is based around the mass
Bulk raw 
materials
Process
utilities
and energy balance of a defined sys­
tem.
Having established the system 
boundaries and aims of the assessment 
(the jargon is “goal definition” and 
“scoping”), the material and energy 
consumption within the defined system 
must be identified and tabulated in data 
sheets (“inventory analysis”). The raw 
data are then classified according to the 
substance’s contribution to a small 
number of environmental themes 
(“impact assessment”), such as ozone 
depletion potential, global warming 
potential, toxicity to humans and ener­
gy depletion potential. By reducing a 
system to a small number of environ­
mental themes it is possible to compare 
very different products or services, 
based on the function that they per­
form. LCA can also highlight “hotspots” 
in a life cycle; the stages causing great­
est environmental harm.
IPPC influences the front end of a 
product’s life (see red section of Figure 
1). The life cycle method can be 
streamlined to give a “cradle to gate” 
Life Cycle Inventory (LCI). To assess a 
waste management strategy a “gate to 
grave” LCI is appropriate (green section 
of Figure 1). When IPPC and producer 
responsibility are considered together, 
environmental legislation influences the 
product’s entire life cycle.
One of the challenges facing future
Energy
0 Imports
Packaging!
process
^  Quality i 
control
Manufacturing 
process
Use !
: Emissions to air ' "x
liquid effluent 
i and solid waste
Disposal — for 
example, landfill A
Otfier — 
J for example 
waste to 
energy
k Figure 1: cradle to grave in tivo easy steps—  red from  cradle to gate, green from  
late to grave
policy makers will be to establish co­
ordination between the control of 
industrial processes, producer responsi­
bility and the various other policy tools 
which influence different stages in the 
life cycle. An example is the manage­
ment of waste paper, where LCA chal­
lenges the established waste hierarchy. 
LCA suggests incineration may be bet­
ter, environmentally, than recycling 
(see TCE, 29 Jan p8).
G etting involved
There is no doubt that future environ­
mental legislation will bring in wider 
environmental concerns. Life cycle 
thinking will play an increasingly 
important role. We have all got to be 
ready. What can you do? To get input 
to its environment and climate pro­
gramme, the EU subsidised a network 
of experts from industry, consultancy, 
authorities and elsewhere. LCANET (as 
it was known) described the state of 
the art of LCA methodology.
This phase is now over, but a new 
network, CHAINET, is currently being 
established. It will look at tools to pro­
vide information for decision support 
throughout a product’s supply, use and 
waste management chains. Cases for 
discussion are automobiles, consumer 
electronic goods and domestic clothes 
washing. Its first flesh meeting is on 26 
May in Windsor, UK. Find out more 
from Nicoline Wrisberg at Leiden 
University in the Netherlands on tel; 
+31 71 527 5653.
The 1996 guide for improved envi­
ronmental performance through 
process optimisation. Profiting from  
pollution prevention: the 3Es method­
ology largely endorses life cycle prin­
ciples. It was published by Business 
in the Environment and HMIP. The 
3Es are emissions, efficiency and eco­
nomics.
Today’s environmental legislation 
is holistic. Companies must investi­
gate the life cycle impact of their 
products and apply life cycle thinking 
to minimise expenditure and enhance 
their global environmental perfor­
mance. ■
Mike Nicholas is an engineering doc­
torate student at the University of 
Surrey, sponsored by Lurgi (UK) Ltd.
He can be contacted at Lurgi on tel 44 
1483 730044 or fa x  44 1483 729595-
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British environm ental 
aoiicy and Europe
'^ bilip Louv and Stephen Ward. Roiitledge 
76.99. /J&V9 47Ô 7ÔÔ9J 9
For those moving into the field of 
environmental technology or 
those involved with corporate 
znvironmentai affairs. Bntish environ­
mental policy and Europe should be con­
sidered as essential reading. It is not often 
:hat books with a political theme are 
reviewed in this section of TCE, but over 
:he past 25 years European environmental 
policy has had a profound effect on L'K 
industiy'. Monitoring of European Union 
developments has become an established 
fact of life for UK business and UK poli­
tics and policy cannot be understood 
without placing them within their 
European context.
This book addresses the question of 
how effective the UK Government and 
organisations in the environmental field 
have been in responding to the challenge 
of European integration. It takes a retro­
spective look at the UK's often awkward 
relationship with Europe. With contribu­
tions from business, environmental 
groups and civil sen-'ants, the book pro­
vides an intriguing and invaluable insight.
When the UK joined the European 
Community in 1972. many people consid­
ered UK environment policy to be highly 
developed in relation to some other 
states. However, much to the dismay of 
politicians, the UK soon found itself 
labelled “the diny man of Europe”. Much
of the book covers the political undercur-' 
rents that led to this image and the subse­
quent efforts to transform traditional UK 
approaches. However. Lowe and Ward 
conclude that in spite of the fact that 
environmental standards have been 
boosted, the implementation of European 
Directives has incurred huge costs and 
the UK is still no more than a middle 
ranking environmental state. For this to 
change, the UK must clearly shrug off its 
Euro-sceptic ism and develop a leading, 
proactive role.
The editors have drawn together a 
wide range of topics, providing an up-to- 
date coverage of policy and political insti­
tutions. Issues covered range from waste 
management and integrated pollution 
prevention and control to business lobby­
ing and public access to environmental 
information. The book is readily accessi­
ble. with brief introductions and sum­
maries complimenting the detailed cover­
age of individual chapters.
British environmental policy and 
Europe is not intended to give an in 
depth, "encyclopaedia type" coverage of 
legislation but it does provide the reader 
with an unrivalled coverage of Euro- 
British relationships from leading 
observers, analysts and practitioners. As 
British industry becomes increasingly 
intertvv'ined with Europe, it is in the best 
interests of a company to become directly 
involved with the policy formation 
process. The knowledge and advice pre­
sented in this book gives the necessary 
insight to negotiate the minefield that 
shrouds environmental politics.
Reviewed by Mike Nicholas, a research 
engineer a t Lurgi UK
X Europe has had a profound impact on the UK environment
Reviewed by Helena Perrin, IChemE 
information officer____________
Handbook of pho tochem ­
istry of organic rad icals: 
absorption and em ission 
properties, m echanism s, 
aging
•V/ Ya .Melikov and VA Smirnov. Begell 
AozfSg 7996. jô ô p p . C 6J9Â Ô 9 6!:Ô9.99À 
76A\ 7J67990777
Translated from the original Russian, this 
volume covers the absorption and emis­
sion properties of organic radicals and 
biradicals; elementary photochemical 
processes; photochemistry of aliphatic and 
aromatic radicals; quantum yields of 
organic radicals in solid phase: photoradi­
cal chain reactors; photoradical aging of 
polymers.
Chem istry of th e  e lem en ts 
Second edition
'V.V Greenwood and A Eamshaw, 
Buttenvorth Heinemann 1997, 1344pp, 
^29.99 76&V 9 7J963J6J4
Presents a balanced, coherent and com­
prehensive account of the chemistry of 
the elements for both undergraduate and 
postgraduate students. Covers not only 
the inorganic chemistry but also analyti­
cal, theoretical, industrial, organometallic, 
bio-inorganic and other cognate areas of 
chemistiy.
The physics of com posite  
superconducto rs
A V Gurevich, R G Mints and .4 L 
Rakhmanov. Begell House 1997, 348pp, 
9 T J7 7 2 .ô 9  6 t6 & 9 9 À  7 J 6 7 9 9 9 6 6 Ô
Translated from the original Russian this 
text covers hard superconductors: struc­
ture and physical characteristics: losses in 
superconductors: stability of the critical 
state: superconducting to normal transi­
tion; high-temperature superconductivity.
Books received are available on loan to 
members from the IChemE’s Library and 
Information Service. Contact Helena 
Perrin on OTBS 578214
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Abstract
Traditionally, environmental law has imposed regulations directly on processing 
facilities to ensure that emissions from those sources are contained within acceptable 
limits. Whilst this form of control still plays a major role in pollution prevention, 
legislation is now also used to influence other parts of a product Life Cycle, with the 
aim of overall reduction in environmental burdens. When drafting such legislation, 
care has to be taken to ensure that measures do not simply transfer environmental 
burdens from one type or one source to another, with no net reductions of pollutants.
In this paper, the glass manufacturing industry is used as a case study to demonstrate 
advances in the legislation developed for atmospheric pollution control. The main 
emissions from glass furnaces are discussed and the legislation which has been 
developed to reduce these emissions is investigated. This paper highlights 
important interactions found within the glass Life Cycle and raises questions as to 
the effectiveness of some legislation and the methods by which it is implemented. 
It is proposed that case-specific studies, based on a Life Cycle approach, should be 
carried out to identify and assess the Best Available Techniques (BAT - as defined 
in the EC Directive on IPPC) and Best Practicable Environmental Option (BPEO) 
for pollution control in the glass industry.
Key words : Glass, Atmospheric Pollution Control, Life Cycle Assessment, Directive on IPPC, 
BPEO, Producer Responsability Regulations
1 The glass manufacturing process
The process of manufacturing glass involves heating up the batch of raw materials 
(mainly silica, lime and soda) to 1400 - 1600°C, and maintaining that temperature to 
allow the homogeneous formation of the glass. Pfaender (1996) describes the process 
by which the raw materials of the batch are heated and converted into glass in a 
continuous process. The materials are introduced into one end of the furnace (the ‘dog 
house’) and float on the surface of the molten glass, which is contained within a
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refractory tank. As more raw material is fed in, the floating layer is pushed into the 
main body of the furnace, at which point the materials start to melt and sink into the 
molten glass. The melting raw materials react and gas is evolved which bubbles up 
through the glass melt. The residence time of the glass in the furnace is calculated to 
allow time for the gas bubbles to escape, thus producing a homogeneous pool of molten 
glass. A large float glass furnace can hold up to 2500 tons of molten glass, thus 
allowing a residence time of several days and requiring large quantities of energy.
Figure 1. A typical glass furnace melting tank. Source : Pfaender (1996, p.37)
(1) glass batch container; (2) batch feeder; (3) batch feeding compartment - ‘dog house’ 
(4) melting and refining tank; (5) tank throat; (6) forehearth; (7) glass feeder; (8) roof or 
‘crown’ o f  the melting tank (9) burner ports.
2 Emission sources within the glass industry
The pollutants released from glass manufacturing processes are mainly gaseous. They 
occur from the combustion of fuels (oil or gas) to heat the batch and from the evolution 
of gases and particulates from the batch itself. The volume of gas created can reach 
100,000 Nm^/hr for a large float glass furnace. This relates to 2500 Nm^/toime of glass 
(DOE, 1994).
The major components of the waste gas stream originating from furnace firing, 
including the excess combustion air, are: nitrogen, oxygen, water, carbon dioxide, 
oxides of sulphur (SOx), oxides of nitrogen (NOx) and particulates.
The main emissions formed by the melting process are: fine particulates (<0.2pm), 
carbon dioxide (CO2), SO x, chlorides, fluorides, and miscellaneous vapours.
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Table 1. Waste gas composition for typical UK furnaces - Combined emissions from 
furnace firing and glass melt reactions. Source : DOE (1994)
Component Concentration 
Gas-fired* Oil-fired*
Nitrogen (N j % 73.6 76
Carbon dioxide (CO2) % 6.8 9.1
Oxygen (O2) % 6.1 7.4
Water (H2O) % 13.2 7.2
Oxides of nitrogen (as NO2) mg/Nm^ 2400 2100
Oxides o f sulphur (as SO2) mg/Nm^ 850** 3800
Hydrogen chloride (HCl) mg/Nm^ 30** 30**
Hydrogen fluoride (HE) mg/Nm^ 8** 8**
Particulate matter mg/Nm^ 130** 150**
* Values for natural gas (virtually no sulphur) and heavy fuel oil (3-4% Sulphur). 
** Mostly produced by the glass melt.
3 C urrent legislation - EPA90
The Environmental Protection Act 1990 (EPA90) forms the body of legislation for 
control of industrial emissions to Air and Land ■within the UK, though many processes 
with discharge to water are also included because o f their potential to pollute either Air 
or Land. Glass manufacturing in the UK is a prescribed process under Part B of EPA90, 
i.e. it is prescribed for Local Authority Air Pollution Control (LAAPC). Under EPA90, 
the Secretary of State has published guidance notes setting deadlines for meeting 
specified emission limits (DOE, 1995a&b). The opening sections of the guidance notes 
highlight the objective to be met under section 7(2)(a) of EPA90:
‘....ensuring that, in carrying on a prescribed process, the best available techniques not 
entailing excessive cost (BATNEEC) will be used-
(i) for preventing the release of substances prescribed for any environmental medium 
into that medium or, where that is not practicable by such means, for reducing the 
release of such substances to a minimum and for rendering harmless any such 
substances which are so released; and
(ii) for rendering harmless any other substances which might cause harm if released 
into any environment.’
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Contained within the process guidance notes are the sections:
•  Upgrading of existing processes
• Emission Limits and Controls
e Monitoring, Sampling and Measurement
• Storage and Materials Handling
• Chimneys, Vents and Process Exhausts
• General Operations
The limits laid out in the notes (Table 2) must be met by existing processes by October 
2001 whilst new processes must meet the limits immediately.
Table 2. Gaseous emission limits for glass processes (excluding lead glass) set under 
EPA90. Source : DOE (1995a)
Where the The
mass concentration*
emission should not
exceeds exceed
(mg/Nm^)
Sulphur oxides (as SO2)
- gas fired furnaces 5kg/hr 750
- oil fired furnaces 5kg/hr 1750
Nitrogen oxides (as NO2) 5kg/hr 2700
Fluoride (as HF) 50g/hr 5
Chloride (as HCl) 300g/hr 50
Bromide (as HBr) 300g/hr 50
Total particulate matter** 0.5kg/hr 100
* concentrations to be normalised to 8% oxygen content measured dry. 
** at present there is no distinction between differing particle sizes.
Additional gaseous emission limits are given for various specified substances such as 
selenium.
The emphasis throughout the process guidance notes is that o f preventing or reducing 
the release to atmosphere of the listed pollutants. Specific methods by which this 
should be achieved are not discussed and it is up to individual furnace operators to 
choose a method of preventing or cleaning-up furnace emissions.
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4 European Integrated Pollution Prevention and Control (IPPC)
The greatest impact on the control of UK glass furnace emissions will arise from the 
inclusion of the glass manufacturing industry in the EC directive on Integrated Pollution 
Prevention and Control. The IPPC directive came into force on 14* October 1996 and 
must be adopted by EC member states by October 1999 (Council Directive 91/61/EC). 
It should be noted that IPPC will, as discussed below, surpass the requirements of both 
Local Authority Air Pollution Control (LAAPC) and Integrated Pollution Control (IPC).
Under article 3 of the directive, plant operators will be obliged to adhere to the 
following principles in that:
‘ a) all the appropriate preventative measures are taken against pollution, in particular
through the application of the best available techniques;
b) no significant pollution is caused;
c) waste production is avoided; where waste is produced, it is recovered or disposed of 
while avoiding or reducing any impact to the environment;
d) energy is used efficiently;
e) the necessary measures are taken to prevent accidents and limit their consequences;
f) the necessary measures are taken upon definitive cessation of activities to avoid any 
pollution risk and return the site of operation to a satisfactory state.’
Consistent with the move towards sustainability, regulations under IPPC will require 
that glass manufacturing processes are assessed on a much wider basis than that set 
under EPA90. Unlike current LAAPC, which is concerned only with emissions to 
atmosphere, IPPC requires the prevention or control of release of substances to Air, 
Land and Water, and the protection of the environment as a whole. This includes the 
efficient use of energy and conservation of raw materials in the prescribed process itself, 
the use of pollution control equipment and any other directly associated activities whith 
a technical connection. These objectives are not mentioned under LAAPC. In addition, 
requirement (c) implies that attention should be paid to Life Cycle concerns.
Currently, under LAAPC the choice of technology required for pollution abatement is 
decided on a site-specific basis with consultation between the glass furnace operators
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and the controlling authority. Specific technologies have not been highlighted. General 
guidance has been published by Her Majesty’s Inspectorate of Pollution (HMIP) 
covering a wide variety of pollution abatement technology for particulate and trace gas 
removal (HMIP, 1994). However, this guidance does not consider pollution abatement 
at source and focuses only on ‘end-of-pipe’ technologies with no specific 
recommendation for individual processes.
In contrast to the LAAPC approach, a selection of technologies will be recommended as 
Best Available Technique (BAT) for each specific process. In accordance with the 
Directive’s principles, requiring the development and exchange of information at 
Community level, guidance will be given for each industry sector. The guidance will be 
in the form of ‘Best Available Techniques Reference Documents’ (BREFs) and will 
cover a variety of state of the art techniques with information included with respect to 
the levels of pollution abatement each technique is capable of achieving (ENDS report 
268, May 1997). It will be the responsibility of individual member states to determine 
which of the recommended techniques should be used in any given specific case.
5 The role of Life Cycle Assessment in determining BAT and BPEO
The inadequacies o f current UK methodologies for the assessment of pollution 
abatement techniques were highlighted recently by the House of Commons 
Environment Committee’s report on the cement industry (ENDS report 269, June 1997). 
ENDS cites that the current methodology for assessing the Best Practicable 
Environmental Option (BPEO) impedes the general duty to look at the environment as a 
whole. The existing BPEO assessment is criticized for several aspects, including the 
concentration exclusively on process emissions and exclusion of impacts from raw 
material selection, transport, off-site power generation and waste disposal. With the 
introduction of IPPC and its requirement for protection of the environment as a whole, it 
will be necessary to assess the environmental burdens caused by a process in a more 
holistic maimer.
Life Cycle Assessment (LCA) is a tool which can be used to assess the environmental 
impacts of products, processes or activities using a holistic or “cradle to grave”
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approach. As highlighted, one of the major drawbacks of the current BPEO assessment 
is that it looks solely at site specific process emissions. By using LCA, this issue would 
be solved as LCA goes further than looking at the waste streams from the processing 
stage. LCA provides a method for analysing the entire life of a product or service 
provided, including aspects such as resource depletion, transportation and product end 
of life. Above all, it is this all-encompassing environmental philosophy that makes LCA 
such a powerful tool, by ensuring that reduced environmental burdens at one point in the 
cycle are not met at the expense of a greater increase in burdens elsewhere.
Glass manufacturing processes, falling under IPPC, will be required to assess not only 
atmospheric emissions but also wider impacts such as the quantities o f materials and 
energy they consume. In chosing BAT for a given process, it will be necessary to 
consider, on top o f the immediate releases to the environment, indirect environmental 
burdens such as those caused by energy generation. By using the cradle to grave 
approach provided by LCA, glass manufacturing can be assessed along with other 
processes to ensure that a high level of overall environmental protection is provided.
6 Energy consumption and glass recycling - A Life Cycle perspective
As discussed in the section above LCA can be used to assess the impacts of a process on 
the environment as a whole. This approach can also, along with Life Cycle thinking, be 
used to guide other areas of legislation. This is best illustrated by examining container 
glass (packaging) and the producer responsibility regulations.
As indicated previously, glass furnaces consume large quantities of energy in melting 
and refining glass. The UK average energy consumption for container glass furnaces is 
6.2 GJ/tonne glass (DOE, 1994), which makes glass manufacturing the second largest 
consumer of energy after the Iron and Steel industry. One of the methods by which the 
quantity of energy required can be reduced is by introducing recycled glass (cullet) into 
the furnace. According to the DOE (1994), a glass furnace remelting recycled glass uses 
25% less energy than a glass furnace making glass using raw materials.
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The energy savings achievable by recycling glass have been acknowledged at both EC 
and UK levels. The UK Producer Responsibility Obligations (packaging waste) 
Regulations (1997) have now been introduced and set a target of reclaiming 50% of 
packaging waste, with a minimum recycle rate of 25%. This will have major impacts on 
the glass container manufacturing industry which accounts for 66% of total UK glass 
production (DOE, 1994). The producer responsibility regulations are an example of 
legislation which has been drawn up with the aim of reducing energy consumption and 
emissions within the glass packaging manufacturing process, but this also imposes 
legislation on other members in the supply and collection chains. In assessing the effect 
of such legislation a holistic. Life Cycle approach needs to be adopted.
Vigure 2. A simplified Life Cycle diagram for a glass container
Energy
Bulk raw Colouring &
m aterials fining agents Fusl
Cl llet
/ /
/  1
Releases to 
atmosphere
Furnace and Quality Container
container form ing : check filling
Sorting and ; 
treatm ent o f  
used container
Recycliijg
Imported
glass
vUse/
^ a s t e ; . / ' :  V 
management
Disposal
or other
The Life Cycle of a glass container includes its manufacture from raw materials, 
container filling and use. Once the container has become post consumer waste it can be 
returned for re-use, sorted for recycling, disposed of or used in some other manner.
One of the initial observations to be made from studying the Life Cycle of a glass 
container (figure 2) is that, although a substantial amount of energy is saved by using 
cullet in place of raw materials, much energy has to be consumed in the post consumer
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stages (Waste management. Sorting and treatment of used container and Recycling). In 
addition to the electrical energy indicated, consideration of proximity is an important 
factor. Each linking flow of materials will require some degree of transportation which 
in itself causes depletion of fossil fuel reserves and causes pollution. On the other hand, 
the use o f cullet avoids the use of raw materials and thus avoids their extraction and 
transportation burdens. Cullet use also avoids waste glass disposal with the avoidance 
of transport and landfill burdens. It is only possible to fully assess the impacts caused 
by recycling glass by carrying out a full Life Cycle Assessment.
It is interesting to note that the UK is a net importer of glass (Central Statistical Office, 
1993a&b), much of which is coloured. As discussed by The Association of Municipal 
Engineers (1991), this produces an excess o f coloured glass in the UK. In this case 
coloured glass is removed from the general waste stream and collected for recycling. 
However, the requirement for coloured glass in the UK is low. Therefore, some of the 
reclaimed glass is returned for disposal and hence much of the energy used in recovery 
is wasted. If glass recycling in the UK is to increase, a solution to this coloured glass 
problem, highlighted using a Life Cycle approach, needs to be addressed.
According to The Association of Municipal Engineers (1991), approximately 68% of 
container glass produced in the UK is colourless. To produce a colourless glass certain 
additives such as selenium compounds are used (West-Oram, 1979). Moreover, up to 
90% of these additives can be volatalised and escape from the furnace with the flue 
gases. If  increasingly poor quality cullet is used (more colour contamination), then 
additional agents must be added to remove the colour and hence the atmospheric 
emissions are increased. It is a possibility that, in an attempt to increase the use of 
colour contaminated cullet in clear container furnaces, increasing amounts of additives 
vdll be introduced, thus potentially increasing atmospheric emissions such as selenium.
The issues raised in this example have highlighted the need for examining a system 
from a Life Cycle perspective. This is of specific importance when drafting legislation 
which aims to control material flows within a system. For example, one of the broad 
objectives of the producer responsibility regulations with regard to glass is to reduce the
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amount of energy used and the atmospheric pollution caused by the glass manufacturing 
industry. However, it has been shown that in attempting to create a closed loop system 
for glass, many additional burdens have been or may be created, throughout the Life 
Cycle.
7 Conclusions
It has been illustrated that LCA fulfills the criterion required to assess the environmental 
burdens of a process in a holistic manner. This approach is necessary to ensure that 
legislation introduces more sustainable methods of practice. This has been 
demonstrated to be applicable both in assessing the case-specific BPEO for pollution 
abatement technologies/techniques and in examining wide ranging legislation such as 
the producer responsibility regulations. Moreover, as the example of energy 
consumption has illustrated, it is not always necessary to perform a detailed LCA to 
gain benefits from the Life Cycle approach. By analysing à system using Life Cycle 
thinking, important areas of concern can be identified and future efforts can be focused 
on them.
On the basis of these findings it is proposed that case-specific studies, based on a Life 
Cycle approach, should be carried out to identify and assess the options for pollution 
control in the glass industry.
Finally it should be noted that, whilst LCA can be used for assessing the environmental 
impacts of a system, there are some areas such as the social acceptance of the proposed 
alternatives which LCA cannot address. An example of this has been identified in this 
paper by using Life Cycle thinking to analyse the glass container industry. To solve the 
problem of excess green glass in the UK more products could be packaged in green 
containers. However, the acceptability of this on a consumer preference basis would 
have to be assessed. Additionally the willingness o f individuals to separate and recycle 
differing colours of glass must be examined in a social context. Therefore, to gain a full 
perspective, environmental legislators must integrate a Life Cycle approach with other 
tools such as sociological surveys, economic evaluations and aspects of risk. Through 
the combination of all these tools a truly holistic approach can be used with the aim of 
creating a sustainable society.
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8 List of Symbols and Acronyms
BAT Best Available Technique (EC)
BATNEEC Best Available Technique Not Entailing Excessive Cost (UK)
BPEO Best Practicable Environmental Option
BREF Best Available Techniques Reference Documents
DOE Department of the Environment
EC European Community
EA Environment Agency
ENDS Environmental Data Services Ltd
EPA90 Environmental Protection Act 1990
G J 1 gigaj oule = 1 * 10  ^j oules
HMIP Her Maj esty ’ s Inspectorate of Pollution
IPC Integrated Pollution Control (UK)
IPPC Integrated Pollution Prevention and Control (EC)
LAAPC Local Authority Air Pollution Control
LCA Life Cycle Assessment
Nm^ Volume measured at standard conditions (273K and 101.3 kPa)
NOx Oxides of nitrogen
SOx Oxides of sulphur
11
International Conference on Controlling Industrial Emissions
3-4 November 1997
9 References
Association of Municipal Engineers of the Institution of Civil Engineers, (1991) 
Recvcling household waste: the wav ahead Thomas Telford : London
Central Statistical office (1993a) Business Monitor MQ20, Overseas Trade Statistics of 
the United Kingdom within the European Communitv. First and Second Quarter 
1993, Her Majesty’s Stationary Office: London
Central Statistical office (1993b) Business Monitor MM20, Overseas Trade Statistics of 
the United Kingdom with countries outside the European Communitv. February 
and March 1993, Her Majesty’s Stationary Office: London
Council Directive 91/61/EC of 24/9/96 concerning integrated pollution prevention and 
control Official Journal of the Europf 
Majesty’s Stationary Office: London
ean Communities L257 10- Oct. 1996. Her
DOE (1994) Energy Efficiency Office Good Practice Guide 127. Energv Efficient 
Environmental Control in the Glass Industry. ETSU: Harwell.
DOE (1995a) Secretary of State’s Guidance under EPA90 PG 3/3f951 GlassCExcluding 
Lead Glass! Manufacturing Processes. Her Majesty’s Stationary Office: 
London.
DOE (1995b) Secretary of State’s Guidance under EPA90 PG 3/4(951 Lead Glass 
Manufacturing Processes. Her Majesty’s Stationary Office: London.
ENDS reports 268 & 269 (May 1997 & June 1997): Environmental Data Services Ltd.
HMIP (1994) Technical Guidance Note under EPA90 A3: Pollution Abatement 
Technologv for Particulate Trace Gas Removal. Her Majesty’s Stationary 
Office: London.
Pfaender, H. G. (1996) Schott Guide to Glass. Chapman and Hall: London.
Producer Responsibility Obligations (packaging waste) Regulations (1997), The 
Stationary Office: London
West-Oram F.G. (1979) Raw materials for glass making - a review. Glass Technologv, 
Vol. 20 No. 6, pp.222-245
1 2
European Community Environmental Legislation 
Influence Throughout a Product's Life Cycle
Control of industrial Processes Producer Responsibility
e.g. Directive on IPPC
Emissions 
+ Rawmntedals 
+ EnetgyEfficietKy 
+ Waste avoidance 
+ Matermlteco^ a^ndTecyGfing. 
+ AcOideitt|»eveBtion 
■i'. Noise, Heat and \^t 
+  Site Restoration
ThepM*e<Am<#Uie 
envinmment as a whole
e.c Directn.em
Reduction 
4- Reeoarery 
+ Eease 
+■ Recycling
and energy'(ÆScienc)
Cradle to 
Gate
Gate to 
Grave
o 0
Exanq)le: The Life Cycle 
o f  a Glass Container
There is a need to use Life Cycle approaches to assess 
and manage environmental interventions to ensure 
protection of the environment as a whole
Environmental and Economic Assessment 
IPPC - The Holistic Approach
IPPC will require holistic 
assessment o f process techniques 
but the current BPEO method o f  
assessment is site specific and 
emissions focused
Life Cycle Assessment (LCA) is a process to 
c\ aiuate the environmental burdens associated 
with a product, process or activity by identifying 
and quantifying energy and materials used and 
wastes released to the environment; to assess the 
impact of those energy and material uses and 
releases to the environment; and to identify and 
c\ aiuate opportunities to effect environmental 
improvements.
ISETAC 19931
The European Commission will publish technical guidance on industrial processes 
in their 'Best available techniques REFerence documents' (BREFs). Life Cycle Assessment 
can be used in association with socio-economic considerations in order to compare the 
alternatives, thus giving the most appropriate technique for the installation concerned.
Annex III
Life Cycle Inventory and 
Impact Assessment Data
Sample data for section 3.2 
LCA (Part 1): Pollution ‘Hot-spots’ in glass manufacturing
Further data available on request
E c o b a l a n c e :  g l a s s ,  g a s  f ir e d  c o n t a i n e r  f u r n a c e  -  u s e d  f o r  3 . 2 . 1  a n a l y s i s  o f  " H o t -S p o t s "
Article Total Natural Gas Limestone Lime Sand Materials Electricity Plant Electricity Furnace
(r) Barium Sulphate (B aS04, In ground) kg 5.01E-05 0 0 0 0 7.33E-07 2.66E-06 4.67E-05 0
(r) Bauxite (AI203, ore) kg 0.000130383 0.000128 0 0 0 1.42E-06 5.17E-08 9.08E-07 0
(r) Bentonite (A1203.4Si02.H20. in ground kg 4.73E 46 0 0 0 0 6.93E-08 2.51 E-07 4.41 E-06 0
(r) Calcium Sulphate (C aS04, ore) kg 8.36E-07 0 0 0 0 8.36E-07 0 0 0
(r) Chromium (Cr, ore) kg 9.G3E439 0 0 0 0 1.41E-10 5.11E-10 828E-09 0
(r) Clay (in ground) kg 8.43E-05 0 0 0 0 4.82E-06 426E -06 7Æ2E-05 0
(r) Coal (in ground) kg 0.153435 0.00172549 1.07E-06 0 428E-0S 0.0285598 0.00662511 0.116481 0
(r) Copper (Cu, ore) kg 4.90E4)8 0 0 0 0 7.17E-10 2.60E-09 4.57E-08 0
(r) Gravel (unspecified) kg 0.000114294 0 0 0 0 0.000114294 0 0 0
(r) Iron (Fe. ore) kg 0.000411805 0 0 0 0 5.30E-05 123E-05 0.000339451 0
(r) Iron Sulphate (FeS04, ore) kg 3.98E4G 0 0 0 0 2.56E-09 2.14E-07 3.76E-06 0
(r) Lead (Pb, ore) kg 1.53E.08 0 0 0 0 224E-10 8.11E-10 1.43E-08 0
(r) Lignite On ground) kg 7.96E-05 0 0 0 0 128E-06 4 21  E-06 7.40E-05 0
(r) Limestone (CaC03, fit ground) kg 0.363788 0 0.1482 0 0 0.194911 0.00111273 0.0195637 0
(r) Manganese (Mn, ore) kg 5.61 E-09 0 0 0 0 821E-11 2.97E-10 523E-09 0
(r) Natural G as (in ground) kg 0214794 0.16961 2.54E-05 0 0.0037783 0.00867045 0.00176031 0.0309494 0
(r) Nickel (Ni, ore) kg 326E-09 0 0 0 0 4.77E-11 1.73E-10 3.04E-09 0
(r) Oil On ground) kg 0.0332052 0.000426667 0.000129629 0 0.00161164 0.0233607 0.000413127 0.00726348 0
(r) Pyrite (FeS2. ore) kg 8.03E-05 0 0 0 0 1.18E-06 426E -06 7.48E-05 0
(r) Sand On ground) kg 0.832283 0 0 0 0.8322 1.50E-05 3.64E-06 6.41 E-05 0
(r) Silver (Ag, ore) kg 2.43E-10 0 0 0 0 3.56E-12 129E-11 226E -10 0
(r) Sodium Chloride (NaCl, in ground or in se kg 0256305 4.80E-05 0 0 0 0256163 5.08E-06 8.93E-05 0
(r) Sulphur (S, in ground) kg 124E-07 0 0 0 0 1.34E-07 0 0 0
(r) Uranium (U, ore) kg 3.08E-06 0 0 0 0 8.39E-10 1.66E-07 2.91 E-06 0
(r) Zinc (Zn, ore) kg 3.56E-10 0 0 0 0 521E-12 1.89E-11 322E -10 0
Electricity M Jelec 0 0 0.00186732 0 0.0485339 0.0406024 0 0 0
Explosive (unspecified) kg 8.99E-07 0 0 0 0 0 4.84E-08 8.50E-07 0
Iron Scrap kg 3.78E 45 0 0 0 0 727E-06 1.64E-06 2.89E-05 0
Land U se (11 ■> 111) 0.000109572 0 0 0 0 0.000109572 0 0 0
Land U se 01 -»• IV) 1.47E-05 0 0 0 0 1.47E-05 0 0 0
Land U se Oil -> IV) 520E-06 0 0 0 0 520E-06 0 0 0
Raw Materials (unspecified) kg 0.00571068 0 0 0 0 9.50E-06 0.000306817 0.00539436 0
Water Used (total) litre 2.78213 0.00752 2.60E-05 0 0.166888 1.98097 0.0337279 0.592995 0
W ater Public Network litre 0.00355843 0 0 0 0 0.00355843 0 0 0
W ater Unspecified Origin litre 2.77834 0.00752 2.60E-05 0 0.166888 1.97741 0.0337155 0.592777 0
Wood kg 0.000781708 0 0 0 0 0.000134888 3.48E-05 0.000612011 0
(a) Acetaldehyde (CH3CH0) g 0.000146955 0 0 0 0 0.00010706 2.15E-06 3.77E-05 0
(a) Acetic Add (CH3COOH) g 0.000767439 0 0 0 0 0.000430353 1.81E-05 0.000318945 0
(a) Acetone (CH3COCH3) g 0.000145873 0 0 0 0 0.000107048 2.09E-06 3.67E-05 0
(a) Acetylene (C2H2) g 0.00110617 0 0 0 0 7.11E-07 5.95E-05 0.00104597 0
(a) Aldehyde (unspedfied) g 8.03E-O5 0 4.74E-06 0 523E-05 6.59E-06 8.46E-07 1.49E-05 0
(a) Alkane (unspedfied) g 0.00668314 0 0 0 0 0.0016284 0.000272028 0.00478271 0
(a) Aikene (unspecified) g 0.00114303 0 0 0 0 222E -05 6.03E-05 0.00106048 0
(a) Alkyne (unspedfied) g 8.17E-08 0 0 0 0 120E-09 423E -09 7.62E-08 0
(a) Aluminium (Al) g 0.0212511 0 0 0 0 1.37E-05 0.00114292 0.0200945 0
(a) Ammonia (NH3) g 0.319674 0 Z37E-06 0 266E-05 0.319208 2.35E-05 0.000413375 0
(a) Antimony (Sb) g 4.10E.06 0 0 0 0 2.63E-09 220E -07 3.88E-06 0
(a) AOX (Adsordable O r ^ ic  Halogerts) g 1.77E-14 0 0 0 0 1.14E-17 923E -16 1.68E-14 0
(a) Aromafic Hydrocartrons (unspecified) g 0.000145827 0 0 0 0 0.000107207 2.08E-06 3.65E-05 0
(a) Arsenic (As) g 5.44E-05 0 0 0 0 9.77E-06 2.40E-06 422E -05 0
(a) Barium (Ba) g 0.000254783 0 0 0 0 1.64E-07 127E-05 0.000240916 0
(a) Benzaldehyde (C6H5CHO) g 1.48E-11 0 0 0 0 2.16E-13 7.82E-13 128E-11 0
(a) Benzene (C6H6) g 0.00218967 0 0 0 0 0.000146712 0.000109945 0.00193302 0
(a) Berrzo(a)pyrene (C20H12) g 3.45E-06 0 0 0 0 2.49E-08 1.85E-07 324E -06 0
(a)B e^ ium (B e) g 4.17E-06 0 0 0 0 2.68E-09 224E -07 3.95E-06 0
(a) Boron (B) g 0.00201853 0 0 0 0 122E-06 0.000108559 0.00190865 0
(a) Bromium (Br) g 0.000403539 0 0 0 0 2.62E-07 2.17E-05 0.000381574 0
(a) Butane (n-C4H10) g 0.00510985 0 0 0 0 0.00300694 0.000113171 0.00198974 0
(a) Butene (1-CH3CH2CHCH2) g 4.82E-05 0 0 0 0 3.49E-05 7.16E-07 126E-05 0
(a) Cadrrrium (Cd) g 3.60E-05 0 0 0 0 2.47E-05 6.08E-07 1.07E-05 0
(a) Caldum (Ca) g 0.00263864 0 0 0 0 629E-05 0.000138617 0.00243712 0
(a) Carbon Dioxide (C02, fossil) g 102527 3328 0.468088 0 13.9637 248284 16.1007 283.078 430
(a) Cartwn Monoxide (CO) g 0.366304 0.032 0.00011826 0 0.0032501 0.0364038 0.0158506 0278681 0
(a) Cartron Tetralluoride (CF4) g 1.19E-08 0 0 0 0 1.74E-10 629E -10 1.11E-08 0
(a) Chlorides (CL) g 9.68E-09 0 0 0 0 0 521E -10 9.16E-09 0
(a) Chlorinated Matter (unspecified, a s  Cl) g 1.62E-07 0 0 0 0 1.62E-07 0 0 0
(a) Chlorine (C12) g 1.73E-07 0 0 0 0 1.62E-07 6.00E-10 1.05E-08 0
(a) Chromium (Cr 111, Cr VI) g 6.62E-05 0 0 0 0 120E-05 2.91 E-06 5.12E-05 0
(a) Cobalt (Co) g 4.00E-05 0 0 0 0 2.47E-05 824E -07 1.45E-05 0
(a) Copper (Cu) g 8.14E-05 0 0 0 0 3.67E-05 2.41 E-06 423E -05 0
(a) Cyanide (CN-) g 5.61 E-06 0 0 0 0 4.15E-09 3.02E-O7 5 21  E-06 0
(a) Dioxitrs (unspedfied) g 4.13E-11 0 0 0 0 3.58E-13 220E -12 3.87E-11 0
(a) Ethane (C2H6) g 0.0421994 0 0 0 0 0.0252594 0.000911647 0.0160283 0
(a) Ethanol (C2H50H) g 0.000291449 0 0 0 0 0.000214091 4.16E-06 7.32E-05 0
(a) Eltrylbenzene (C8H10) g 4.82E-05 0 0 0 0 3.49E-05 7.15E-07 126E-05 0
(a) Ethylene (C2H4) g 0.0242285 0 0 0 0 0.000295758 0.00128797 0.0226448 0
(a) Fluorides (F-) g 2.56E-07 0 0 0 0 1.62E-07 5.07E-09 8.92E-08 0
(a) Fluorine (R ) g 4.72E-08 0 0 0 0 0 254E -09 4.47E-08 0
(a) Formaldehyde (CH20) g 0.000721554 0 0 0 0 0.000322698 2.15E-05 0.000377391 0
(a) Halogenated Matter (unspecified) g 2.33E-16 0 0 0 0 120E-19 125E-17 220E -16 0
(a) Halon 1301 (CF3Br) g 5.47E-06 0 0 0 0 3.96E-06 8.09E-08 1.42E-06 0
(a) Heptane (C7H1S) g 0.000480532 0 0 0 0 0.000349348 7.06E-06 0.000124124 0
(a) Hexane (C6H14) g 0.000961177 0 0 0 0 0.00069869 1.41E-05 0.000248361 0
(a) Hyrkocarbons (except methane) g 0.313021 0 0.00125757 0 0.0738255 0.132791 0.00565862 0.0994883 0
(a) Hydrocarbons (unspedfied) g 0.880002 0.4 0 0 0 0.478869 6.10E-05 0.00107194 0
(a) Hydrogen (K2) g 5.77E-09 0 0 0 0 9.98E-10 2.57E-10 4.52E-09 0
(a) Hydrogen Chloride (HCl) g 0202154 o .ra i6 0 0 0 0.0035435 0.0054414 0.0956691 0.0959
(a) Hydrogen Fluoride (HF) g 0.0597836 0 0 0 0 0.000110386 0.000197681 0.00347558 0.056
(a) Hydrogen Sulphide (H2S) g 0.00326091 0 0 0 0 8.90E-06 0.000175011 0.00307699 0
(a) Iodine (i) g 0.000100875 0 0 0 0 6.59E-0S 5.43E-06 9.54E-05 0
(a) Iron (Fe) g 0.00870444 0 0 0 0 0.000139675 0.000460913 0.00610365 0
(a) Lanthanum (La) g 6.70E-06 0 0 0 0 420E-09 3.60E-07 6.33E-06 0
(a) Lead (Pb) g 0.000225827 0 0 0 0 4.30E-05 9.84E-06 0.000172975 0
(a) Magnesium (Mg) g 0.0074462 0 0 0 0 4.81 E-06 0.000400469 0.00704093 0
(a) Manganese (Mn) g 5.17E-05 0 0 0 0 1.30E-07 278E -06 4.86E-05 0
(a) Mercaptans g 1.62E-07 0 0 0 0 1.62E-07 0 0 0
(a) Mercury (Hg) g 6.58E-06 0 0 0 0 1.74E-07 3.45E-07 6.06E-06 0
(a) Metals (unspecified) g 423E-07 0 0 0 0 1.66E-07 128E-08 2.43E-07 0
(a) Methane (CH4) g 1.87218 0 0.000279012 0 0.0392899 0.79402 0.0558934 0.982701 0
(a) Methanol (CH30H) g 0.000495377 0 0 0 0 0.000363953 7.07E-06 0.000124351 0
(a) Molybdenum (Mo) g 2.46E-05 0 0 0 0 120E-05 6.77E-07 1.19E-05 0
(a) Nickel (Ni) g 0.000705694 0 0 0 0 0.000467062 1.18E-05 0.000206847 0
(a) Nitrogen Oxides (NOx a s N 02) g 920942 0.432 0.000722256 0 0.0221241 0.492601 0.0318579 0.560117 7.67
(a) Nitrous Oxide (N20) g 0.00614782 0 822E -05 0 0.00150648 0.00129323 0.000175596 0.00308727 0
(a) Organic Matter (unspedfied) g 0.00014968 0 7.11 E-06 0 7.99E-05 2.68E-05 123E-06 3.39E-05 0
(a) Particulates (unspedfied) g 312057 0.064 10.6704 0 0.666139 17.9017 0.0854841 1.50296 0.415
(a) Pentane (C5H12) g 0.00387964 0 0 0 0 0.00176412 0.000113849 0.00200167 0
(a) Phenol (C6H50H) g 1.13E-10 0 0 0 0 1.66E-12 6.00E-12 1.06E-10 0
(a) Phosphonjs (P) 9 0.000187816 0 0 0 0 121E-07 1.01 E-05 0.000177594 0
(a) Phosphonia Pentoxide (P205) 9 1 i7E -07 0 0 0 0 8.19E-11 6.85E-09 120E-07 0
ilycydic Aromatic Hydrocarbons (PAH, unsp 9 128E-0S 0 0 0 0 5.02E-07 6.64E-07 1.17E-05 0
(a) Potassium (K) 9 0.00Z57Z97 0 0 0 0 2.01E-06 0.000138359 0.0024326 0
(a) Propane (C3H8) 9 0.01Z11Z 0 0 0 0 0.00622782 0.000316667 0.00556755 0
(a) Propionaldéhyde (CH3CH2CHO) 9 4.06E-11 0 0 0 0 5.94E-13 2.15E-12 3.78E-11 0
(a) Propionic Add (CH3CH2COOH) 9 7.1ZE-10 0 0 0 0 7.12E-10 0 0 0
(a) Propylene (CH2CHCH3) 9 0.00130197 0 0 0 0 7.06E-05 6.63E-05 0.00116506 0
(a) Scandium (Sc) 9 Z27E-06 0 0 0 0 1.46E-09 1.22E-07 2.15E-06 0
(a) Selenium (Se) 9 5.31 E-05 0 0 0 0 9.06E-06 2.37E-06 4.16E-05 0
(a) Silicon (Si) 9 0.0318413 0 0 0 0 2.06E-05 0.00171248 0.0301083 0
(a) Sodum  (Na) 9 0.00203903 0 0 0 0 0.000562702 7.95E-05 0.00139687 0
(a) Strontium (Sr) 9 0.000415812 0 0 0 0 2.67E-07 224E -05 0.000393181 0
(a) Sulphur Oxides (SOx as S 02) 9 5.37455 0.096 0.000931444 0 0.0170569 1.16077 0.0742557 120554 2.72
(a) Tars (unspedSed) 9 5B8E-09 0 0 0 0 2.43E-11 320E-10 5.63E-09 0
(a) Thallium (Tl) 9 2.08E-06 0 0 0 0 1.34E-09 1.12E-07 1.97E-06 0
(a) Thorium (Th) 9 429E -06 0 0 0 0 2.75E-09 2.30E-07 4.05E-06 0
(a) Tin (Sn) 9 1.34E-06 0 0 0 0 8.61 E-10 7.20E-08 127E-06 0
(a) Titanium (Ti) 9 0.000744498 0 0 0 0 4.79E-07 4.00E-05 0.000703978 0
(a) Toluene (C6H5CH3) 9 0.000869854 0 0 0 0 0.000237991 3.40E-05 0.000597859 0
(a) Uranium (U) 9 4.16E-06 0 0 0 0 2.67E-09 2Z4E-07 3.93E-06 0
(a) Vanadium (V) 9 0.00273559 0 0 0 0 0.00194821 424E-05 0.00074501 0
(a) Xylene (C6H4(CH3)2) 9 0.000394351 0 0 0 0 0.00013988 1.37E-05 0.000240776 0
(a)Znc(Zn) 9 0.000170756 0 0 0 0 3.02E-05 7.57E-06 0.000133019 0
(a) Zirconium (Zr) 9 3.18E-06 0 0 0 0 2.05E-09 1.71E-07 3.01 E-06 0
(ar) Lead (PbZIO) kBq 9.71E-05 0 0 0 0 6.08E-08 522E-06 9.18E-05 0
(ar) Polonium (PoZIO) kBq 1.10E-07 0 0 0 0 1.10E-07 0 0 0
(ar) Potassium (K40) kBq 1.68E-08 0 0 0 0 1.68E-08 0 0 0
(ar) RarSoacthre Substance (unspedfied) kBq 7.73E-07 0 0 0 0 4.97E-10 4.16E-08 7 2 1  E-07 0
(ar) Radium (RaZZO) kBq Z.59E-07 0 0 0 0 2.59E-07 0 0 0
(ar) Radium (RaZZZ) kBq O.OOOZOZ816 0 0 0 0 0.000202816 0 0 0
(ar) Radium (RaZZG) kBq 7.77E-05 0 0 0 0 1.55E-08 4.18E-06 725E-05 0
(ar) Radium (RaZZS) kBq 8.41E-09 0 0 0 0 8.41 E-09 0 0 0
(ar) Radon (RnZZZ) kBq 0.0009Z3355 0 0 0 0 4.53E-07 4.97E-05 0.000873235 0
(ar) Thorium (ThZZS) kBq 7.1ZE-09 0 0 0 0 7.12E-09 0 0 0
(ar) Thorium (ThZ3Z) KBq 4.53E-09 0 0 0 0 4.53E-09 0 0 0
(ar) Uranium (UZ3S) kBq 129E-08 0 0 0 0 1.29E-08 0 0 0
(s) Aluminium (Al) 9 0.000639348 0 0 0 0 9.36E-06 3J9E-05 0.000596083 0
(s) Arsenic (As) 9 2.55E-07 0 0 0 0 3.74E-09 1.35E-08 2.38E-07 0
(s) Cadmium (Cd) 9 1.16E-10 0 0 0 0 1.69E-12 6.13E-12 1.08E-10 0
(s) Caldum (Ca) 9 0.00Z55434 0 0 0 0 3.74E-05 0.000135452 0.00238149 0
(s) Carbon (C) 9 0.00191724 0 0 0 0 2.81 E-05 0.000101668 0.0017875 0
(s) Chromium (Cr III, Cr VI) 9 3JZ0E-06 0 0 0 0 4.68E-08 1.70E-07 228E -06 0
(s) Cobalt (Co) 9 1.17E-10 0 0 0 0 1.72E-12 6.22E-12 1.09E-10 0
(s) Copper (Cu) 9 5.87E-10 0 0 0 0 8.59E-12 3.11E-11 5.47E-10 0
(s) Iron (Fe) 9 0.00127682 0 0 0 0 1.87E-05 6.77E-05 0.00119042 0
(s) Lead (Pb) 9 Z.68E-09 0 0 0 0 3.93E-11 1.42E-10 220E -09 0
(s) Manganese (Mn) 9 Z.55E-05 0 0 0 0 3.74E-07 1.35E-06 228E -05 0
(s) Mercury (Hg) 9 2.13E-11 0 0 0 0 3.12E-13 1.13E-12 128E-11 0
(s) Nickel (Ni) 9 8.81E-10 0 0 0 0 129E-11 4.67E-11 821E-10 0
(s) Nitrogen (N) 9 1.00E-08 0 0 0 0 1.47E-10 5.31E-10 9.33E-09 0
(s) Oils (unspedlied) 9 3.79E-06 0 0 0 0 5.55E-08 2.01 E-07 3.54E-06 0
(s) Phosphorus (P) 9 3.20E-05 0 0 0 0 4.68E-07 1.70E-06 228E -05 0
(s) Sulphur (S) 9 0.00038317 0 0 0 0 5.61 E-06 2.03E-05 0.000357241 0
(s) Zinc (Zn) 9 9.60E-06 0 0 0 0 1.41E-07 5.09E-07 8.95E-06 0
(w) Adds (H+) 9 0.0128413 0.0128 0 0 0 6Z4E-07 2.19E-06 3.85E-0S 0
(w) Alcohol (unspedlied) 9 5.69E-06 0 0 0 0 0 3.06E-07 5.38E-06 0
(w) Aldehyde (unspedlied) 9 4.00E-09 0 0 0 0 4.00E-09 0 0 0
(w) Alkane (unspedlied) 9 0.000348361 0 0 0 0 0.00024901 5.35E-06 9.40E-05 0
(w) Alkene (unspedSed) 9 3 2 1  E-05 0 0 0 0 2.30E-05 4.93E-07 8.67E-06 0
(w) Aluminium (AI3+) 9 0.00164133 0 0 0 0 6.50E-05 8.48E-05 0.00149153 0
(w) Aluminium Hydroxide (AI(0H)3) 9 9.94E-08 0 0 0 0 0 5.35E-09 9.40E-08 0
(w) Ammonia (NH4+, NH3, a s  N) 9 0.00247313 0 0 0 0 0.000797504 9.02E-05 0.00158545 0
(w) AOX (Adsordable Organic Halogens) 9 4.86E-06 0 0 0 0 3.52E-06 7.20E-08 127E-06 0
(w) Aromatic Hydrocart»ns (unspedSed) 9 0.00141965 0 0 0 0 0.000996368 2.28E-05 0.000400498 0
(w) Arsenic (As3+, As5+) 9 3.05E-06 0 0 0 0 8.05E-07 121 E-07 2.13E-06 0
(w) Barium (Ba++) 9 0.00662602 0 0 0 0 0.00479531 9.85E-05 0.00173219 0
(w) Barytes 9 0.00906061 0 0 0 0 0.000132666 0.00048047 0.00844748 0
(w) Benzene (C6H6) 9 0.000348488 0 0 0 0 0.000249083 5.35E-06 9.41 E-05 0
(w) BODS (Biochemical Oxygen Demand) 9 0.000356658 0 7.11E-07 0 729E -06 0.000284627 3.41 E-06 5.99E-05 0
(w) Boric Add (H3B03) 9 0.000115748 0 0 0 0 0 623E -06 0.000109519 0
(w) Boron (B III) 9 425E -05 0 0 0 0 3.1 IE-05 6.68E-07 1.17E-05 0
(w) Cadmium (Cd++) 9 120E-06 0 0 0 0 6.62E-07 2.89E-08 5.08E-07 0
(w) Caldum (Ca++) 9 0.0873313 0 0 0 0 0.0615556 0.00138715 0.0243885 0
(w) Carbonates (C 0 3 -, HC03-, COZ, a s  C 9 0.000102342 0 0 0 0 0 5.51 E-06 9.68E-0S 0
(w) Cerium (Ce++) 9 1.91E-06 0 0 0 0 1B1E-06 0 0 0
(w) Cesium (Cs++) 9 7.09E-07 0 0 0 0 0 3.82E-08 6.71 E-07 0
(w) Chlorides (CL) 9 25.1281 0 0 0 0 23.6909 0.0773452 125986 0
(w) Chlorinated Matter (unspedSed, a s  Cl) 9 0.00144064 0 0 0 0 2.1 IE-05 7.64E-05 0.00134315 0
(w) Chloroform (CHCI3) 9 1.54E-09 0 0 0 0 226E-11 8.19E-11 1.44E-09 0
(w) Chromium (Cr III) 9 6.71 E-06 0 0 0 0 9.83E-08 3.56E-07 626E -06 0
(w) Chromium (Cr III, Cr VI) 9 9.15E-06 0 0 0 0 4.63E-06 243E -07 428E -06 0
(w) Chromium (Cr VI) 9 126E-10 0 0 0 0 1.85E-12 6.69E-12 1.18E-10 0
(w) Cobalt (C ol, Co II, Co III) 9 4.15E-07 0 0 0 0 6.07E-09 220E-08 3.87E-07 0
(w) COD (Chemical Oxygen Demand) 9 0.00267052 0 2.13E-06 0 2.40E-05 0.00180185 4.53E-0S 0.000797226 0
(w) Copper (Cu+, Cu++) 9 5.83E-06 0 0 0 0 2.73E-06 1.67E-07 2.94E-06 0
(w) Cyanides (CN-) 9 0.000165642 0 0 0 0 4.35E-06 8.68E-06 0.000152609 0
(w) Dissolved Matter (unspedSed) 9 0.117289 0 0.00150936 0 0.017464 0.0180276 0.00432078 0.0759668 0
(w) Dissolved Organic Carbon (DOC) 9 0.000509814 0 0 0 0 7.46E-06 2.70E-05 0.000475314 0
(w) Edetic Add (C10H16NZO8, EDTA) 9 1.96E-07 0 0 0 0 0 1.06E-08 1.86E-07 0
(w) Ethylbenzene (C6H5CZH5) 9 6.31E-05 0 0 0 0 4.60E-05 924E-07 1.62E-05 0
(w) Fluorides (F-) 9 0.000406349 0 0 0 0 6.90E-05 1.82E-05 0.000319149 0
(w) Formaldehyde (CHZO) 9 1.96E-11 0 0 0 0 2.87E-13 1.04E-12 1.83E-11 0
(w) Hexachloroethane (CZCI6) 9 2.73E-15 0 0 0 0 3J9E -17 1.45E-16 2.54E-15 0
(w) Hydrazine (NZH4) 9 9.03E-08 0 0 0 0 0 4.86E-09 8.54E-08 0
(w) Hydrocarbons (unspedSed) 9 0.00160078 0.0016 0 0 0 1.88E-07 321E-08 5.65E-07 0
(w) Hypochlorite (CIO-) 9 6.80E-09 0 0 0 0 6.80E-09 0 0 0
(w) Hypochlorous Add (HCIO) 9 6.80E-09 0 0 0 0 6.80E-09 0 0 0
(w) Inorganic Dissolved Matter (unspedSed 9 0.0183936 0.0112 0 0 0 0.00718248 5.99E-07 1.05E-05 0
(w) lode (1) 9 0.000262576 0 0 0 0 0.000191467 3.83E-06 6.73E-05 0
(w) Iron (Fe++, Fe3+) 9 0.00202345 0 0 0 0 0.000268806 9.44E-05 0.00166022 0
(w) Lead (Pb++, Pb4+) 9 6.42E-0S 0 0 0 0 1.02E-06 3.40E-06 5.98E-05 0
(w) Lithium Salts (Lithine) 9 1.01E-08 0 0 0 0 0 5.43E-10 9.55E-09 0
(w) Magnesium (Mg++) 9 0.00280166 0 0 0 0 0.00159519 6.49E-05 0.00114154 0
(w) Manganese (Mn II, Mn IV, Mn VII) 9 0.000399636 0 0 0 0 0.000108476 1Æ7E-05 0.00027549 0
(w) Mercury (Hg+, Hg++) 9 1.14E-08 0 0 0 0 7.96E-09 1.88E-10 3.30E-09 0
(w) Metals (unspedSed) 9 0.00328635 0.0016 0 0 0 0.00167628 5.42E-07 9.53E-06 0
(w) Methane (CH4) 9 0.000265081 0 0 0 0 0 1.43E-05 0.000250815 0
(w) Methylene Chloride (CHZCIZ) 9 4.43E-06 0 0 0 0 6.48E-08 2.35E-07 4.13E-06 0
1 Molybdenum (Mo II, Mo III, Mo IV, Mo V, M 9 7.46E-06 0 0 0 0 7.96E-07 3.59E-07 6.30E-06 0
(w) Morpholine (C4H9NO) 9 9.56E-07 0 0 0 0 0 5.14E-08 9.04E-07 0
(w) Nickel (Ni«.,N i3+) 9 1.87E-05 0 0 0 0 625E-06 6.71 E-07 1.18E-05 0
(w) Nitrates (N03-) 9 0.000404208 0 0 0 0 0.000162961 1.30E-05 0.000228264 0
(w) Nitrites (N02-) 9 1.15E-07 0 0 0 0 1.69E-09 6.1 IE-09 1.07E-07 0
(w) Nitrogenous Matter (Kjeldahl, as N) 9 4.02E-0S 0 0 0 0 0 2.16E-06 3.81 E-05 0
(w) Nitrogenous Matter (unspedSed, a s  N 9 0.00147281 0 0 0 0 0.00107195 2.16E-05 0.000379293 0
(w) Oils (unspedSed) 9 0.0149672 0.0112 2.02E-05 0 0.000349225 0.00147675 0.000103383 0.00181766 0
(w) Organic Dissolved Matter (chlorinated) 9 1.62E-07 0 0 0 0 1.62E-07 0 0 0
(w) Organic Dissolved Matter (unspedSed 9 0.00640646 0.0064 0 0 0 1.79E-07 3.38E-07 5.94E-06 0
(w)OxaScAdd((COOH)2) 9 3.93E-07 0 0 0 0 0 2.1 IE-08 3.72E-07 0
(w) Phenol (C6H50H) 9 0.000487296 0.00016 0 0 0 0.000233587 S.04E-06 8.87E-05 0
(w) Phosphates (P 0 4  3-, H P 0 4 -, H2P04-, H 3P0 9 4B5E-06 0 0 0 0 5.50E-08 2.63E-07 4.63E-06 0
(w) Phosphonis (P) 9 1.11E-05 0 0 0 0 7.96E-06 1.68E-07 2.96E-06 0
(w) Phosphorus Pentoxide (P205) 9 3.80E-06 0 0 0 0 2.44E-09 2.04E-07 3.59E-06 0
(w) Polycydic Aromatic Hydrocarbons (PAH, unsp 9 3.54E-0S 0 0 0 0 2.49E-05 5.64E-07 9.92E-06 0
(w) Potassium (K+) 9 0.0117828 0 0 0 0 0.00845714 0.000178974 0.00314667 0
(w) RubirSum (% +) 9 2.63E-0S 0 0 0 0 121E-05 3.82E-07 6.72E-06 0
(w) Salts (unspedSed) 9 0.00281057 0 0 0 0 0.00045084 0.000126992 0.00223274 0
(w) SaponiSable Oils and Fats 9 0.0128116 0 0 0 0 0.00934362 0.000186634 0.00328135 0
(w) Selenium (S e II, S e IV. S e  VI) 9 6.64E-06 0 0 0 0 726E-07 3.14E-07 5.53E-06 0
(vr) Silicon Dioxide (SI02) 9 1.59E-06 0 0 0 0 223E-08 8.42E-08 1.48E-06 0
(w) Silver (Ag+) 9 1.58E-06 0 0 0 0 1.15E-06 229E-08 4.03E-07 0
(w) Sodium (Na+) 9 0B10316 0 0 0 0 0.619321 0.0156602 0275334 0
(w) Strontium (Sr II) 9 0.0162937 0 0 0 0 0.0116036 0.000252404 0.00443769 0
(w) Sulphates (S 0 4 - ) 9 1.92661 0 0 0 0 1.69834 0.0122849 0215989 0
(w) Sulphides (S -) 9 428E -05 0 0 0 0 3.1 IE-05 6.33E-07 1.11E-05 0
(w) Sulphites (S 0 3 -) 9 2.37E-07 0 0 0 0 1.12E-10 1.27E-08 224E-07 0
(vr) Sulphurated Matter (unspedSed, a s  S) 9 5.95E-09 0 0 0 0 1.30E-09 2.50E-10 4.40E-09 0
(w) Suspended Matter (unspedSed) 9 0264052 0.0128 2.60E-06 0 0.0002938 0.312039 0.00209439 0.0368229 0
(w) Tars (unspedSed) 9 8.54E-11 0 0 0 0 3.48E-13 4.58E-12 8.04E-11 0
(vr) Tetrachloroethylene (C2CI4) 9 6.66E-12 0 0 0 0 9.75E-14 3.53E-13 621E-12 0
(vr) Tin (Sn++, Sn4+) 9 2.17E-08 0 0 0 0 0 1.17E-09 2.0SE-08 0
(vr) Titanium (Ti3+, TÎ4+) 9 2.01 E-05 0 0 0 0 2.44E-07 1.07E-06 1.88E-05 0
(vr) TOC (Total Organic Cartwn) 9 0.0245486 0 0 0 0 0.0126834 0.000638542 0.0112267 0
(w)Tduene(C6HSCH3) 9 0.000290045 0 0 0 0 0.000206964 4.47E-06 7.86E-05 0
(vr) Tributyl Phosphate ((C4H9)3P04, TBP 9 3.72E-06 0 0 0 0 0 2.00E-07 3.52E-06 0
(vr) TrichloreOiane (1,1,1-CH3CCI3) 9 1.50E-11 0 0 0 0 220E-13 7.97E-13 1.40E-11 0
. (vr) Trichloroethylene (CHCICQ) 9 4.13E-10 0 0 0 0 6.05E-12 2.19E-11 3.85E-10 0
(vr) Triethylene Glycol (C 6H U 04) 9 0.000509812 0 0 0 0 7.46E-06 2.70E-05 0.000475313 0
(vr) Vanadium (V3+, V5+) 9 228E -05 0 0 0 0 726E-07 1.18E-06 2.0SE-05 0
(vr) VOC (Voiatile Organic Compounds) 9 0.000917166 0 0 0 0 0.000668898 1.34E-05 0.000234908 0
(vr) Water (unspedSed) IMre 0.141391 0 0 0 0 0.0218486 0.00643335 0.113109 0
(vr) W ater Chemically Polluted litre 0.879386 0 0 0 0 0.84971 0.00159702 0.0280733 0
(w) Xylene (C6H4(CH3)2) 9 0.00247303 0 0 0 0 0.00179994 3.62E-05 0.000636869 0
(vr) Zinc (Zn++) 9 3.69E-05 0 0 0 0 9.73E-06 1.46E-06 2.57E-05 0
(vir) Radoactive Substance (unspedSed) kBq 7.12E-09 0 0 0 0 4.57E-12 3.83E-10 6.73E-09 0
(vrr) Radium (Ra224) kBq 0.000131265 0 0 0 0 9.57E-05 1.91 E-06 3.36E-05 0
(vrr) Radum (RaZ26) kBq 0.0274855 0 0 0 0 0.000191466 0.00146887 0.0258252 0
(vrr) Radum (Ra228) kBq 0.00026253 0 0 0 0 0.000191466 3.82E-06 6.72E-05 0
(vrr) Thorium (ThZ28) kBq 0.000525063 0 0 0 0 0.000382933 7.65E-06 0.000134481 0
Glass k9 1 0 0 0 0 0 0 0 0
Recovered Matter (total) k9 0.000263163 0 0 0 0 2.02E-05 1.31E-05 0.000229894 0
Recovered Matter (unspedSed) k9 0.000260831 0 0 0 0 2.02E-05 1.30E-05 0.000227688 0
Recovered Matter Iron Scrap k9 2.33E-06 0 0 0 0 0 1.25E-07 221E -06 0
W aste (hazardous) k9 4.00E-05 0 0 0 0 1.92E-05 1.12E-06 1.98E-05 0
Waste (incineration) k9 1.97E-05 0 0 0 0 1.17E-05 4.34E-07 7.64E-06 0
Waste (munidpal and industrial) k9 7.43E-05 6.40E-06 0 0 0 4.81 E-05 1.07E-06 1.88E-05 0
W aste (total) k9 0215144 0.0007632 0.0148203 0 0.0685906 0.165058 0.00365477 0.0642572 0
W aste (unspedSed) k9 0 252465 1.60E-06 0.0148203 0 0.0665906 0.148465 0.00121559 0.0213722 0
Waste; Highly Radoactive (d a ss  C) k9 2.51E-07 0 0 0 0 0 1.35E-08 228E -07 0
Waste: Intermedate Radoactive (d ass  B) k9 122E-06 0 0 0 0 0 1.03E-07 1.82E-06 0
Waste: Low Radoactive (d a ss A) k9 326E -05 0 0 0 0 1.17E-05 1.34E-06 226E -05 0
Waste: Mineral (inert) k9 0.0533024 0.000656 0 0 0 0.0132151 0.00212205 0.0373093 0
Waste: Mining k9 0.0213723 0 0 0 0 0 0.00115018 0.0202222 0
Waste: Non Mineral (inert) k9 0.0028759 0 0 0 0 0.0028742 9.14E-08 1.61E-06 0
Waste: Non Toxic Chenxcals (unspedSed k9 3 2 1  E-06 320E-06 0 0 0 7.99E-09 2.84E-10 4.99E-09 0
Waste: Radoactive (unspedSed) kg 2.55E-06 0 0 0 0 1.86E-06 3.72E-08 6.54E-07 0
Waste: Slags and Ash (unspedSed) k9 0.006345 9.60E-05 0 0 0 0.000412296 0.00031411 0.00552259 0
Waste: Treatment kg 0.00119114 0 0 0 0 0 6.41E-05 0.00112704 0
CML'Air Acidification
Total geq .H + / 0.395683287 124E-02 4.49E-05 0 1.02E-03 6.S9E-02 3.18E-03 5.60E-02 0257166528
(a) Sulphur Oxides (SOx a s S 02) g eq. H+ 32 0.167954688 0.003 221076E -05 0 0.000533028 0.036274063 0.002320491 0.040798125 0.085
(a) Nitrogen Oxides (NOx a s  N02) g eq. H+ 46 0200204783 9.39E-03 1Æ7E-05 0 4.81 E-04 1.07E-02 6.93E-04 122E-02 0.16673913
(a) Ammonia (NH3) geq .H + 17 1.88E-02 0 1.39E-07 0 1.57E-06 1.88E-02 1.38E-06 2.43E-05 0
(a) Hydrogen Chloride (HCI) geq .H + 36.5 5.54E-03 4.38E-05 0 0 0 9.71E-05 1.49E-04 2.62E-03 2.63E-03
(a) Hydrogen Fluoride (HF) g eq. H+ 20 0.00298918 0 0 0 0 5.5194E-06 9.88405E-06 0.000173779 0.0028
(a) Hydrogen Sulphide (H2S) geq .H + 17 1.92E-04 0 0 0 0 524E-07 1.03E-05 1.81E-04 0
CML*Aquatic Eco-toxidty
Total 1e3m 3 2.68E-04 0 0 0 0 1.46E-04 6.58E-06 1.16E-04 0
(w) Arsenic (As3+, As5+) 1e3m 3 0 2 6.1032E-07 0 0 0 0 1.60928E-O7 2.41846E-08 425206E-07 0
(w) Benzene (C6H6) 1e3m 3 0.029 1.01062E-05 0 0 0 0 722341E-06 1.55139E-07 2.72761 E-06 0
(w> Cadmium (Cd++) 200 0.000239852 0 0 0 0 0.000132491 5.77778E-06 0.000101583 0
(w) Ethylbenzene (C6H5C2H5) 1e3m 3 0.023 1.4521 IE-06 0 0 0 0 1.05733E-06 2.12453E-08 3.73529E-07 0
(w) Chloroform (CHCI3) 1e3m 3 0.17 2.63E-10 0 0 0 0 3.85E-12 129E-11 2.45E-10 0
(w) Trichlorethane (1,1,1-CH3CCI3) 1e3m 3 0.0028 421E -14 0 0 0 0 6.16E-16 223E -15 3.92E-14 0
(w) Hexachloroethane (C2CI6) 1e3m 3 0.14 3.82E-16 0 0 0 0 5.59E-18 2.02E-17 3.56E-16 0
(w) Trichloroethylene (CHCICI2) 1e3m 3 0.046 1.90E-11 0 0 0 0 2.78E-13 1.01E-12 1.77E-11 0
(w) Tetrachloroethylene (C2CI4) 1e3m 3 0.02 123E -13 0 0 0 0 1.95E-15 7.07E-15 124E-13 0
(w) Chromium (Cr III) 1e3 m3 1 6.71334E-06 0 0 0 0 9.8297E-08 3.55997E-07 625904E-06 0
(w) Chromium (Cr III, Cr VI) 1e3m 3 1 9.14798E-06 0 0 0 0 0.000004625 2.4341E-07 427957E-06 0
(w) Chromium (Cr VI) 1e3m 3 1 126129E -10 0 0 0 0 1.85E-12 6.69E-12 1.17594E-10 0
CML-Depletion of non renewable resources
Total Sac. of resenre / 2.08E-15 1J1E-15 728E -19 0 3.59E-17 1.75E-16 3.01E-17 5.30E-16 0
(r) Oil (in ground) Sac. of reserve 239E+14 1.39E-16 1.79E-18 5.42E-19 0 6.74E-18 9.77E-17 1.73E-18 3.04E-17 0
(r) Natural G as (in ground) frac, of resenre 1298E+14 1.65E-15 121E-15 1.96E-19 0 2.91E-17 6.68E-17 126E-17 2.38E-16 0
(r) Uranium (U, ore) Sac. of reserve 13400000000 220E -16 0 0 0 0 626E -20 124E-17 2.17E-16 0
(r) Copper (Cu, ore) Sac. of resenre 6.1E+11 8.03E-20 0 0 0 0 1.18E-21 426E-21 7.49E-20 0
(r) Lead (Pb, ore) Sac. of reserve 12E+11 127E -19 0 0 0 0 1.87E-21 6.76E-21 1.19E-19 0
(r) Nickel (Ni, ore) Sac. of resenre 1.1E+11 2.96E-20 0 0 0 0 4.34E-22 1.57E-21 2.76E-20 0
(r) Zinc (Zn, ore) frac, of reserve 32E+11 1.08E-21 0 0 0 0 1.58E-23 5.72E-23 1.01E-21 0
(r) Bauxite (AI203, ore) Sac. of reserve 2.8E+13 4.66E-18 4.57E-18 0 0 0 5.08E-20 1.85E-21 324E -20 0
(r) Iron (Fe, ore) Sac. of reserve 1E+14 4.12E-18 0 0 0 0 5.30E-19 1.93E-19 3.39E-18 0
(r) Manganese (Mn, ore) Sac. of resenre 5E+12 1.12E-21 0 0 0 0 1.64E-23 5.95E-23 1.05E-21 0
(r) Silver (Ag, ore) Sac. of resenre 420000000 5.78E-19 0 0 0 0 8.47E-21 3.07E-20 5.39E-19 0
(r) Coal (in ground) frac, of resenre 2.98E+15 5.15E-17 5.79E-19 3.58E-22 0 1.44E-20 9.58E-18 222E -18 3.91E-17 0
CML-Depletion of the ozone layer (high)
Total geq.CFC-11 9.40577E-05 0 0 0 0 6.8186E-05 129232E-06 2.44794E-05 0
(a) Halon 1301 (CF3Br) geq.CFC-11 1 7 2 9.40577E-05 0 0 0 0 6.8186E-05 129232E-06 2.44794E-05 0
CML-Depletion of the ozone layer (low)
Total
(a) Halon 1301 (CF3Br)
CML-Eutrophieation
g e q . CFC-11 
g e q . CFC-11
Total g  eq. P 04
(a) Nitrogen Oxides (NOx as N 02) g eq. P 04
(w) Ammonia (NH4+.NH3, as N) g e q . P 0 4  
(w) Phosphorus (P) g  eq. P 04
(w) COD (Chemical Oxygen Demand) g eq. P 0 4
(w) Nitrogenous Matter (Kjeldahl, a s  N) g e q . P 0 4  
(w) Nitrates (N03-) g e q .P 0 4
(w) Nitrogenous Matter (unspecified, a s  N g e q . P 0 4  
(a) Nitrous Oxide (N20) g eq. P 0 4
(w) Nitrites (N02-) g e q .P 0 4
(w) Phosphorus Pentoxide (P 205) g  eq. P 04
CML-Eutrophication (water)
Total g e q .P 0 4
(w) Ammonia (NH4+, NH3, as N) g e q .P 0 4
(w) Phosphorus (P) g e q . P 0 4
(w) COD (Chenxcal Oxygen Demand) g  eq. P 0 4
(w) Nitrogenous Matter (Kjeldahl, a s  N) g eq. P 0 4
(w) Nitrates (N03-) g  eq. P 0 4
(w) Nitrogenous Matter (unspecified, a s  N g e q . P 0 4  
(w) Nitrites (N02-) g  eq. P 0 4
(w) Phosphorus Pentoxide (P 205) g  eq. P 0 4
CML-Human Toxicity
Total g
(w) Arsenic (As3+, As5+) g
(a) Arsenic (As) g
(s) Arsenic (As) g
(a) Ammonia (NH3) g
(a) Barium (Ba) g
(a) Benzene (C6H6) g
(a) Berizo(a)pyrene (C20H12) g
(a) Bromium (Br) g
(a) Cadmium (Crl) g
(a) Cartwn Monoxide (CO) g
(a) Copper (Cu) g
(a) Ethylbenzene (C8H10) g
(a) Iron (Fe) g
(a) Lead (Pb) g
(a) Manganese (Mn) g
(a) Mercury (Hg) g
(a) Molytrdenum (Mo) g
(a) Nibogen Oxides (NOx as N 02) g
(a) Phenol (C6H50H) g
(a) Sulphur Oxides (SOx as S 0 2 )  g
(a)T in(Sn) g
(a) Toluene (C6H5CH3) g
(a) Vanadium (V) g
(a)Zinc(Zn) g
(s) Cadmium (Cd) g
(s) Cobalt (Co) g
(s) Copper (Cu) g
(s) Lead (Pb) g
(s) Mercury (Hg) g
(s) Nickel (Ni) g
(s)Zinc(Zn) g
(w) Ammonia (NH4+,NH3, as N) g
(w) Barium (Ba++) g
(w) Benzene (C6H6) g
(w) Cadmium (Cd++) g
(a) Nickel Ô^ i) g
(w) Edelic Add (C10H16N2O8, EDTA) g
(a) C ^ i d e  (CN-) g
(a) Fluorides (F-) g
(w) Fluorides (F-) g
(a) Hydrogen Sulphide (H2S) g
(w) Sulphites (S 0 3 -)  g
(w) Ethylbenzene (C6HSC2H5) g
(a) Xylene (C6H4(CH3)2) g
(w) Xylene (C6H4(CH3)2) g
(a) Heptane (C7H16) g
(w) Methylene Chloride (CH2CI2) g
(w) Ctrloroform (CHCI3) g
(w) Trichloroelhylene (CHOCC) g
(w) Tetrachloroethylene (C2CI4) g
(w) Chromium (Cr III) g
(w) Cfvomium (Cr VI) g
(w) Cobalt (Co I. Co II, Co III) g
(w) Copper (Cu+, Cu++) g
(w) Iron (Fe++, Fe3+) g
(w) Lead (Pb++, Pb4+) g
(w) Mercury (Hg+,Hg++) g
(w) Molybdenum (Mo II, Mo III, Mo IV, Mo V, M g
(w) Nickel (NrH-,Ni3+) g
(w) Tin (Sn++, Sn4+) g
(w)Zinc(2n++) g
CML-Terrestrial Eco-toxidty
Total 
(s) Arsenic (As) 
(s) Cadmium (Cd) 
(s) Cobalt (Co) 
(s) Copper (Cu) 
(s) Lead (Pb) 
(s) Mercury (Hg) 
(s) Nickel (Ni) 
(s) Zinc (Zn)
• 5.46847E-05 0 0 0 0 0.000039643 8.09489E-07 1.42322E-05 0
10 5.46847E-05 0 0 0 0 0.000039643 8.09489E-07 1.42322E-05 0
. 1200694867 0.05616 0.000116956 0 0.00328341 6.53E-02 434E-03 0.074543042 0.9971
0.13 1.1972246 0.05616 9.38933E-05 0 0.002876133 0.06403813 0.004141527 0.07281521 0.9971
0.42 0.001038715 0 0 0 0 0.000334952 3.7874E-05 0.000665889 0
3.06 3.39305E-05 0 0 0 0 2.43559E-05 5.15261E-07 9.0S919E-06 0
0.022 5.87514E-05 0 4.69498E-08 0 527283E-07 3.96407E-05 9.97568E-07 1.7539E-05 0
0.42 1.68911E-05 0 0 0 0 0 9.09014E-07 1.5982E-05 0
0.095 3.83998E-05 0 0 0 0 1Æ4813E-05 133339E-06 Z16851E-05 0
0.42 0.00061858 0 0 0 0 0.000450219 9.0607E-06 0.000159303 0
0 2 7 0.001659911 0 220158E-05 0 0.00040675 0.000349172 4.74109E-05 0.000833563 0
0.13 1.49724E-08 0 0 0 0 2.19E-10 734E-10 139591E-08 0
1236 5.07349E-06 0 0 0 0 326E-09 2.72861E-07 4.79736E-06 0
. 0.001810356 0 4.69498E-08 0 527283E-07 8.65E-04 5.09E-05 0.000894269 0
0.42 0.001038715 0 0 0 0 0.000334952 3.7874E-05 0.000665889 0
3.06 3.39305E-05 0 0 0 0 2.43559E-05 5.15261E-07 9.05919E-06 0
0.022 5.87514E-05 0 4.69498E-08 0 527283E-07 3.96407E-05 9.97568E-07 1.7539E-05 0
0.42 1.68911E-05 0 0 0 0 0 9.09014E-07 1.5982E-05 0
0.095 3.83998E-05 0 0 0 0 1.54813E-05 133339E-06 2.16851 E-05 0
0.42 0.00061858 0 0 0 0 0.000450219 9.0607E-06 0.000159303 0
0.13 1.49724E-08 0 0 0 0 2.19E-10 7.94E-10 1.39591E-08 0
1236 5.07349E-06 0 0 0 0 3.26E-09 2.72861 E-07 4.79736E-06 0
. 14.63923311 0.452544 0.001682561 0 0.037764638 2.317098495 0.139037362 3444513082 9 3 4 6 6
1.4 427224E-06 0 0 0 0 1.12649E-06 1.69292E-07 2.97644E-06 0
4700 025557331 0 0 0 0 0.045909083 0.011283337 0.19838089 0
0.043 1.09837E-08 0 0 0 0 1.61 E-10 5.82E-10 1.02404E-08 0
0.021 0.006713154 0 4.97952E-08 0 5.59238E-07 0.006703368 4.93744E-07 8.68088E-06 0
1.7 0.000433131 0 0 0 0 2.79538E-07 2.32944E-05 0.000409557 0
3.9 0.008539713 0 0 0 0 0.000572177 0.000428786 0.007538778 0
17 5.87124E-05 0 0 0 0 423428E-07 3.13689E-06 5.51521E-05 0
0.033 123168E-05 0 0 0 0 8.63306E-09 7.16196E-07 135919E-05 0
580 0.020889512 0 0 0 0 0.014332322 0.000352885 0.006204318 0
0.012 0.004395648 0.000384 1.41912E-06 0 3.90012E-05 0.000436846 0.000190207 0.003344172 0
0 2 4 125421E-05 0 0 0 0 8.81527E-06 5.77279E-07 1.01496E-05 0
1 2 723483E-05 0 0 0 0 5.24061E-05 1.07322E-06 13869E-05 0
0.042 0.000365586 0 0 0 0 5.87475E-06 1.93583E-05 0.000340353 0
160 0.03613232 0 0 0 0 0.006882128 0.001574134 0.027676 0
120 0.006207528 0 0 0 0 1.55574E-05 0.000333229 0.005858736 0
120 0.000789277 0 0 0 0 2.08705E-05 4.13528E-05 0.000727054 0
3 2 8.11031E-05 0 0 0 0 3.96092E-05 233306E-O6 3.92611E-05 0
0.78 7.1833476 0.33696 0.00056336 0 0.017256798 0.38422878 0.024849162 0.43689126 5.9826
0.56 6.34E-11 0 0 0 0 9 i8E -13 3.36E-12 531E-11 0
1 2 6.44946 0.1152 0.001117733 0 0.02046828 1392924 0.08910684 1366648 3 3 6 4
0.017 22769E-08 0 0 0 0 1.46E-11 132E-09 315297E-08 0
0.039 329243E-05 0 0 0 0 938165E-06 1.32618E-06 333165E-05 0
120 0.3282708 0 0 0 0 03337852 0.005084892 0.0894012 0
0.033 5.63495E-06 0 0 0 0 9.95646E-07 2.49669E-07 4.38963E-06 0
7 8.08976E-10 0 0 0 0 1.18E-11 439E-11 7.54229E-10 0
0.065 7.62E-12 0 0 0 0 1.12E-13 4.04E-13 7.10E-12 0
0.0052 3.05E-12 0 0 0 0 4.47E-14 1.62E-13 3S4E-12 0
0.025 6.71E-11 0 0 0 0 9.82E-13 336E -12 635E-11 0
0.15 3.19E-12 0 0 0 0 4.68E-14 1.69E-13 2.98E-12 0
0.014 123E-11 0 0 0 0 131E-13 6.54E-13 1.15E-11 0
0.007 6.71978E-08 0 0 0 0 9.83913E-10 3.56339E-09 626505E-OS 0
0.0017 420432E-06 0 0 0 0 135576E-06 1.533E-07 2.69527E-06 0
0.14 0.000927643 0 0 0 0 0.000671343 137931E-05 0.000242507 0
0.66 0.000230002 0 0 0 0 0.000164395 3.53075E-06 630766E-05 0
2.9 3.47785E-06 0 0 0 0 1.92112E-06 8.37778E-08 1.47296E-06 0
470 0.33167618 0 0 0 0 032892854 0.005529503 0.09721809 0
0.0011 2.16E-10 0 0 0 0 0 1.16E-11 2.04E-10 0
0.67 3.75998E-06 0 0 0 0 2.78E-09 2.02199E-07 3.555E-06 0
0.48 122891E-07 0 0 0 0 7.76429E-08 2.44E-09 438129E-08 0
0.041 1.66603E-05 0 0 0 0 2.83092E-06 7.44248E-07 1.30851 E-05 0
0.78 0.00254351 0 0 0 0 6.94518E-06 0.000136509 0.002400052 0
0.0033 7.82034E-10 0 0 0 0 3.69E-13 431E-11 7.40E-10 0
0.021 1.32584E-06 0 0 0 0 9.65391E-07 1S3979E-08 3.41048E-07 0
2 2 0.000867572 0 0 0 0 0.000307736 3.01283E-05 0.000529707 0
0 2 9 0.000717179 0 0 0 0 0.000521983 1.05048E-05 0.000184692 0
1.6 0.000768851 0 0 0 0 0.000558957 1.12957E-05 0.000198598 0
0.048 2.12559E-07 0 0 0 0 3.11E-09 1.12716E-08 1.98175E-07 0
0.095 1.47E-10 0 0 0 0 Z15E-12 7.78E-12 137E-10 0
0.0053 2.19E-12 0 0 0 0 331E-14 1.16E-13 2.04E-12 0
0.18 120E-12 0 0 0 0 1.76E-14 6.36E-14 1.12E-12 0
0.57 3.8266E-06 0 0 0 0 5.60293E-08 30291BE-07 3.5676SE-06 0
4100 5.17129E-07 0 0 0 0 7.57188E-09 2.74224E-08 4.82135E-07 0
2 82915E-07 0 0 0 0 131405E-08 4.39684E-08 7.73042E-07 0
0.02 1.16698E-07 0 0 0 0 5.46374E-08 3.33988E-09 5.87208E-08 0
0.0036 728442E-06 0 0 0 0 9.67702E-07 3.39943E-07 5.97679E-06 0
0.79 5.07157E-05 0 0 0 0 8.04346E-07 2.68605E-06 4.72253E-05 0
4.7 5.3792E-08 0 0 0 0 3.73973E-08 8.82E-10 1.55124E-08 0
02 9 2.1631E-06 0 0 0 0 2.30749E-07 1.03992E-07 1.82836E-06 0
0.014 2.61958E-07 0 0 0 0 8.74881E-08 938937E-09 1.65081E-07 0
0.0014 3.04E-11 0 0 0 0 0 1.64E-12 2.8756E-11 0
0.0029 1.0713E-07 0 0 0 0 2.82143E-0S 434696E-09 7.46689E-08 0
. 2.59E-05 0 0 0 0 3.79E-07 137E-06 2.41 E-05 0
3.6 9.19562E-07 0 0 0 0 1.34643E-08 4.87627E-08 8.57336E-07 0
13 1.50238E-09 0 0 0 0 230E-11 7.97E-11 1.40071 E-09 0
0.42 4.92E-11 0 0 0 0 731E-13 2.61 E-12 4.59E-11 0
0.77 4.52E-10 0 0 0 0 6.61 E-12 Z40E-11 431E-10 0
0.43 1.15E-09 0 0 0 0 1.69E-11 6.12E-11 1.08E-09 0
29 6.17E-10 0 0 0 0 9.04E-12 337E-11 5.76E-10 0
1.7 150E-09 0 0 0 0 2.19E-11 7.94E-11 1.40E-09 0
2.6 2.49592E-05 0 0 0 0 3.65453E-07 132354E-06 2.32702E-05 0
Total m3 / 1069449.872 22716.95238 152548.7386 0 12583.35067 345185.8263 6905.963694 121418.6678 408090.9048
(a) Particulates (unspedlied) m3 0.00007 4472243857 9143857143 1524343857 0 9516371429 255738.5714 1221301429 21470.85714 5928.571429
(a) Carbon Dioxide (C 02, fossil) m3 0.008 128158.75 4160 58311 0 1745.4625 31048 2012.5875 35384.75 53750
(a) Ammonia (NH3) m3 0.0005 639.348 0 0.0047424 0 0.0532608 638.416 0.0470232 0.82675 0
(a) Nitrogen Oxides (NOx as N02) m3 0.00003 306980.6667 14400 24.0752 0 737.47 16420.03333 106133 18670.56667 255666.6667
(a) Hydrogen Chloride (HCI) m3 0.0001 2021.54 16 0 0 0 35.435 54.414 956.691 959
(a) Sulphur Oxides (SOx as S 0 2 )  
(a) Chlorine (C O  
(a) Fluorine (F2)
(a) Hydrogen Fluoride (HF)
(a) Mereaptans 
(a) Hydrogen Sulphide (H2S)
(a) Hydrocarbons (unspedlied  
(a) Methane (CH4)
(a) Hydrocarbons (except methane) 
(a) Organic Matter (unspedlied) 
(a)Lead(Pb)
(a) Mercury (Hg)
(a) Cadmium (Cd)
Total
(w) Suspended Matter (unspedlied) 
(w)Lead(Pb++,Pb4+)
(w) Cadmium (Cd++)
(w) Iron (F ew , Fe3+)
(w) Copper (Cu+, Cu++)
(w) Mercury (Hg+, Hg++)
(w) Ammonia (NH4+, NH3, a s  N)
(w) Chlorides (CL)
(w) Cyanides (CN-)
(w) Fluorides (F-)
(w) Sulphides (S -)
(w) Dissolved Organic Carbon (DOC) 
(w) COD (Chemical Oxygen D em and  
(w) BODS (Biochemical Oxygen Demand) 
(w) SaponiSable Oils and Fats
Ec(R)-DepleSon of non renewable resources 
Total 
(r) Oil (in ground)
(r) Natural Gas (in ground)
(r) Coal (in ground)
(r) Iron (Fe, ore)
(r) Zinc (Zn, ore)
(r) Lead (Pb, ore)
(r) Bauxite (AE03, ore)
(r) Copper (Cu, ore)
(r) Manganese (Mn, ore)
(r) Nickel (Ni, ore)
(r) Silver (Ag, ore)
(r) Uranium (U, ore)
(r) Lignite (in ground)
m3 0.00003 1791516667
m3 0.00002 0.00864445
m3 0.0001 0.000472328
m3 0.00005 1195.672
m3 0.00001 0.0161747
m3 0.00015 21.7394
m3 0.015 58.6668
m3 0.015 124.812
m3 0.015 20.86806667
m3 0.00001 14.968
m3 0.000001 225.827
m3 0.0000007 9.396157143
m3 0.00000001 3601.64
litre / 49.89248466
litre 0.02 182026
Stre 0.0005 0.1283942
litre 0.0001 0.0119926
litre 0.002 1.011725
Stre 0.0005 0.01166982
litre 0.00001 0.00114451
litre 0.001 Z47313
litre 1 25.1281
libe 0.0001 1.65642
IHre 0.01 0.0406349
litre 0.0001 0.428262
litre 0.01 0.0509814
litre 0.03 8.90E-02
I litre 0.02 0.0178329
litre 0.02 0.64058
c .o f  reserve'1 1 2.08E-06
e. o f reserve'1 239000 1J9E-07
c. o f reserve'1 130000 1.65E-06
c. ofresenre'1 2980000 5.15E-OS
c. ofreserve'1 100000 4.11805E-09
e. of reserve'1 330 1.08E-12
e. ofreserve'1 120 127E-10
c. o f resenre'1 28000 4.66E-09
c. o f reserve'1 610 8.03E-11
c. o f reserve'1 5000 1.12E-12
c. of reserve'1 110 2.96E-11
c. ofresenre'1 0.42 5.78E-10
e. o f reserve'1 13.41 2.30E-07
c. ofreserve'1 2980000 2.67E-11
3200
0
0.64
0.64
0
0
0
131E-06
1.79E-C9
1.30E-06
5.79E-10
0
0
0
4.57E-09
0
0
0.0186006
0.083838
0.71136
0
0.000236527
0.000129823
0
0
0.000071136
0.000035568
738E-10
5.42E-10
1.95E-10
3.58E-13
4.9217
7.98912
139E-02
0.01469
0
00
00
7.99E-04
3.58E-08 
6.74E-09 
2.91 E-08 
1.44E-11 0 0 0
38692.33333 2475.19 43518 90666.61
0.00808735 2.9981 IE-05 0.00052712 0
0 0.000025419 0.000446909 0
220776 3.95362 69.5116 112C
0.0161747 0 0 0
5.94E-02 1.16674 20.51326667 0
312246 4.06E-03 7.15E-02 0
5Z93466667 3.726226667 65.5134 0
8.852733333 0.377241333 6.632553333 0
2.68203 0.192959 3.39254 0
43.0133 9.83834 172.975 0
0248458571 0.492295714 8.6554 0
2471.09 60.8422 1069.71 0
41.14293957 0.435560867 7.657898005 0
15.60195 0.1047195 1.841145 0
0.00203632 0.00680012 0.1195576 0
0.00662455 0.000288889 0.00507916 0
0.134403 0.04721435 0.83011 0
0.00546374 0.000333988 0.00587208 0
0.000795687 1.87724E-05 0.00033005 0
0.797504 0.0901762 1.58545 0
23.6909 0.0773452 1.35986 0
0.0435271 0.0868 1.52609 0
0.00690468 0.00181524 0.0319149 0
0.31061 0.00633157 0.11132 0
0.000746473 0.00270346 0.0475314 0
6.01E-02 1.51E-03 0.0265742 0
0.01423135 0.000170411 0.002996115 0
0.467181 0.0093317 0.1640675 0
1.75E-07 3.01 E-08 529E-07 0
9.77E-08 1.73E-09 3.04E-08 0
6.67E-0S 1.35E-08 258E-07 0
9.58E-09 2Z2E-09 3.91 E-08 0
5.30472E-10 1.9307E-10 3.39451 E-09 0
1.58E-14 5.72E-14 1.01E-12 0
1.87E-12 6.76E-12 1.19E-10 0
5.08E-11 1.85E-12 3Z4E-11 0
1.18E-12 4Z6E-12 7.49E-11 0
1.64E-14 5.95E-14 1.05E-12 0
4.34E-13 1.57E-12 2.76E-11 0
8.468E-12 3.07E-11 5Z9E-10 0
626E-11 1Z4E-08 2.17E-07 0
4.62E-13 1.41E-12 2.48E-11 0
Ec(R*Y)-Depletion of non renewable resources
Total o freserve 'le l 2.77E-02 0.019886796 1.02E-05 0 5.32E-04 Z33E-03 2.64E-04 4.65E-03 0
(r) Oil (in ground) ofreserve'1el 0.0557 0.00184953 237654E-05 7Z2034E-06 0 8.97683E-05 0.001301191 2.30112E-05 0.000404576 0
(t) Natural Gas (in ground) o freserve 'le l 0.117 0.025130898 0.01984437 2.96961E-06 0 0.000442061 0.001014443 0.000205956 0.00362108 0
(r) Coal (in ground) o freserve 'le l 0.0005037 7.72852E-05 8.69129E-07 5.38E-10 0 2.16E-08 1.43856E-05 3.33707E-06 5.86715E-05 0
<r) Bauxite (AE03, ore) o freserve 'le l 0.139 1.81232E-05 0.000017792 0 0 0 137853E-07 7.18E-09 1Z6271E-07 0
(r) Copper (Cu, ore) o freserve 'le l 2 6 3 1Z8832E-06 0 0 0 0 1.89E-0S 6.83174E-08 1Z0114E-06 0
(r) Iron (Fe, ore) o freserve 'le l 0.0433 1.78312E-05 0 0 0 0 2Z9694E-06 8.35993E-07 1.46982E-05 0
(r) Lead (Pb, ore) o freserve 'le l 194 2.96696E-06 0 0 0 0 4.34424E-08 1.57333E-07 2.76619E-06 0
(r) Manganese (Mn, ore) o freserve 'le l 0Z92 1.64E-09 0 0 0 0 2.40E-11 8.68E-11 133E-09 0
(r) Nickel (Ni, ore) o freserve 'le l 76.03 2.48E-07 0 0 0 0 3.63E-09 1.31E-08 2 31  E-07 0
(r) Silver (Ag, ore) o freserve 'le l 79400 1.92861E-05 0 0 0 0 2.82391E-07 1.02271 E-06 1.7981 E-05 0
(r) Uranium (U, ore) of resenre'1 e l 181 0.000557598 0 0 0 0 131847E-07 2.99997E-05 0.000527447 0
(r) Zinc (Zn, ore) o freserve 'le l 64.9 2.31096E-08 0 0 0 0 3.38E-10 1Z3E-09 Z15E-08 0
(r) Lignite (in ground) o freserve 'le l 0.0005037 4.01 E-08 0 0 0 0 6.94E-10 2.12E-09 3.73E-08 0
Total kg/yr / 3.93E-03 2.58E-03 Z1 IE-06 0 7.88E-05 4.86E-04 4Z2E-05 7.42E-04 0
(r) Oil (in ground) kg/yr 75 0.000442736 5.69E-06 1.73E-06 0 Z15E-05 0.000311476 5.50836E-06 9.68464E-05 0
(r) Natural Gas (in ground) kg/yr 66 325E-03 Z57E-03 3.85E-07 0 5.72E-05 1.31 E-04 2.67E-05 4.69E-04 0
(r) Coal (in ground) kg/yr 666 Z30E-04 Z59E-06 1.60E-09 0 6.43E-08 4Z9E-05 9.95E-06 1.75E-04 0
(r) Iron (Fe, ore) kg/yr 231 1.78E-06 0 0 0 0 230E-07 8.36E-08 1.47E-06 0
(r) Zinc (Zn, ore) kg/yr 47 7.58E-12 0 0 0 0 1.11E-13 4.02E-13 7.06E-12 0
(r) Lead (Pb, ore) kg/yr 43 3.56E-10 0 0 0 0 5Z1E-12 1.89E-11 332E-10 0
(r) Bauxite (AI203, ore) kg/yr 257 5.07E-07 4.98E-07 0 0 0 5.54E-09 Z01E-10 353E-09 0
(r) Copper (Cu, ore) kg/yr 62 7.90E-10 0 0 0 0 1.16E-11 4.19E-11 737E-10 0
(r) Manganese (Mn, ore) kg/yr 685 8.19E-12 0 0 0 0 1Z0E-13 434E -13 7.63E-12 0
(r) Nickel (Ni, ore) kg/yr 120 2.7172E-11 0 0 0 0 3.98E-13 1.44E-12 Z53E-11 0
(r) Silver (Ag, ore) kg/yr 30 8.10E-12 0 0 0 0 1.19E-13 4Z9E-13 7.55E-12 0
(r) Uranium (U, ore) kg/yr 412 7.48E-09 0 0 0 0 2.04E-12 4.02E-10 7.07E-09 0
(r) Lignite (in ground kg/yr 666 1Z0E-07 0 0 0 0 Z07E-09 632E -09 1.11E-07 0
Eco-iniScator 95
Total millipoints • 4.816130414 0.082551724 0.564365711 0 4.58E-02 1.821775223 5Z2E-02 0.917147803 1332336135
(a) Acetone (CH3COCH3) millipdnts 0.01550053 Z26E-06 0 0 0 0 1.66E-06 3Z4E-08 5.69E-07 0
(a) Acetylene (C2H2) millipoints 0.01462971 1.62E-05 0 0 0 0 1.04E-08 8.70E-07 1.53E-05 0
(a) Ammonia (NH3) millipoints 0Z095654 0.06699261 0 4.97E-07 0 5.58E-06 0.066894952 4.93E-06 8.66291E-05 0
(a) Arsenic (As) millipoints 40.3669725 2ZOE-03 0 0 0 0 3.94E-04 9.69E-05 1.70E-03 0
(a) Benzene (C6H6) miliipoints 0.02655017 5.81E-05 0 0 0 0 3.90E-06 Z92E-06 5.13E-05 0
(a) Berizo(a)pyrene (C20H12) millipoints 917.431193 3.17E-03 0 0 0 0 2Z9E-05 1.69E-04 2.98E-03 0
(a) Cadmium (Cd) millipoints 4604.05157 0.165821363 0 0 0 0 0.113770258 Z80E-03 0.04925 0
(a) Carbon Dioxide (C02, fossil) millipoints 0.00014926 0.1530318 0.004967373 6.98668E-05 0 0.002084222 0.037073796 0.00240319 0.042252222 0.0641818
(a) Hydrocartwns (unspedSed) nxHipoints 0.04475023 0.039380292 0.017900092 0 0 0 0.021429498 2.73E-06 4.80E-05 0
(a) Ethanol (C2H50H) ntillipoints 0.02333788 6.80E-06 0 0 0 0 5.00E-06 9.72E-08 1.71 E-06 0
(a) Ethylene (C2H4) miilipoints 0.08708162 0.002109857 0 0 0 0 2.58E-05 1.12E-04 0.001971946 0
(a) Ethyttwnzene (C8H10) millipoints 0.01009174 4.87E-07 0 0 0 0 3.53E-07 7Z2E-09 1Z7E-07 0
(a) Formaldehyde (CH20) millipoints 0.03666136 2.65E-05 0 0 0 0 1.18E-0S 7.87E-07 1.38E-05 0
(a) Halon 1301 (CF3Br) millipoints 1100.48239 6.02E-03 0 0 0 0 0.004362642 8.91 E-05 1.57E-03 0
(a) Hydrogen Chloride (HO) millipoints . 0.07787611 0.015742967 0.000124602 0 0 0 0.000275954 0.000423755 0.007450337 0.007468319
(a) Hydrogen Fluoride (HF) millipoints 0.14159292 0.008464934 0 0 0 0 1.56E-05 Z80E-05 4.92E-04 0.007929204
(a) Manganese (Mn) millipoints 92.0810313 4.76E-03 0 0 0 0 1.19E-05 Z56E-04 4.50E-03 0
(a) Mercury (Hg) millipoints 92.0810313 6.06E-04 0 0 0 0 1.60E-05 3.17E-05 5.58E-04 0
(a) Methane (CH4) millipoints 0.0022514 0.004215026 0 6Z8E-07 0 8.84573E-05 0.001787657 0.000125838 0.002212453 0
(a) Nitrous Oxide (N20) millipoints 0.04029936 Z48E-04 0 3.44E-06 0 6.07E-05 5Z1E-05 7.08E-06 1Z4E-04 0
(a) Nickel (Ni) millipoints 403.669725 0Z84867303 0 0 0 0 0.196620257 4.75E-03 0.083497872 0
(a) Hydrocarbons (except methane) millipoints 0.03622596 0.011339486 0 4.56E-05 0 0.0025744 0.004810481 2.05E-04 0.003604059 0
(a) Nitrogen Oxides (NOx as N 02) millipoints 0.07896261 0.72719984 0.034111848 5.70E-05 0 0.001746977 0.038897061 0.002515583 0.0442283 0.605643219
ydio Aromatic Hydrocartwns (PAH, unsp millipoints 917.497462 1.18E-02 0 0 0 0 4.61E-04 6.09E-04 1.07E-02 0
(a)Pentane(C5H12) millipoints 0.0355293 0.000137841 0 0 0 0 6Z6779E-05 4.04E-06 7.11179E-05 0
(a) Phenol (C6H50H) millipoints 0.06626912 750E -12 0 0 0 0 1.10E-13 3.98E-13 6.99E-12 0
(a)Lead(Pb) millipoints 92.0810313 2.08E-02 0 0 0 0 3.96E-03 9.06E-04 1.59E-02 0
(a) Propane (C3H8) millipoints 0.03657428 0.000442988 0 0 0 0 2Z8E-04 1.16E-05 0.000203629 0
(a) Propylene (CH2CHCH3) millipoints 0.08969407 1.17E-04 0 0 0 0 6.34E-06 5.94E-06 1.04E-04 0
(a) Propionaldéhyde (CH3CH2CHO) millipoints 0.05251022 Z13E-12
(a) Sulphur Oxides (SOx a s S 0 2 ) millipoints 022984527 1235314896
(a) Tars (unspedSed) millipoints 0.01009174 6.03E-11
(a) Toluene (C6H5CH3) millipoints 0.04902695 426E -05
(w) Arsenic (As3+, As5+) millipoints 92.0810313 Z81E-04
(w) Barium (Ba-w) minipoints 2.76243094 1.83E-02
(w) Boron (B III) millipoints 92.0810313 4.00E-03
(vr) Cadmium (Cd++) millipoints 12.8913444 125E-05
(w) Chromium (Cr III, Cr VI) mmipoints 276243094 223E -03
(w) COD (Chemical Oxygen Demand) miUipoints 0.00287958 7.69E-06
(w) Copper (Cu+, Cu++) minipoints 18.4162063 1.07E-04
(w) Manganese (Mn II, Mn IV, Mn VII) millipoints 920.810313 0.36798895
(w) Mercury (Hg+, Hg++) minipoints 0.46040516 527E -09
(vr) Molybdenum (Mo II, Mo III, Mo IV. Mo V, M millipoints 1.84162063 127E-05
(vr) Ammonia (NH4+, NH3, a s  N) minipoints 0.05553478 127E-04
(vr) Nickel (N iw ,Ni3+) miUipoints 1Z8913444 2.41 E-04
(vr) Lead (Pb++, Pb4+) minipoints 46.0405157 226E -03
(a) Particulates (unspedSed) millipoints 0.05285412 1.654635224
(vr) Phosphorus (P) miUipoints 0.40052356 4.44E-06
Ecopoints-Air
Total Ecopoint 602.4663531
(a) Nitrogen Oxides (NOx as N02) Ecopoint 4Z 3 389.558466
(a) Sulphur Oxides (SOx a s S 0 2 ) Ecopoint 23 123.61465
(a) Carbon Dioxide (C 02, fossil) Ecopoint 0.036 36.90972
(a) Hydrocarbons (unspedSed) Ecopoint 1 4 2 12.5840286
(a) Methane (CH4) Ecopoint 1 4 2 26.772174
(a) Hydroôrtwns (except methane) Ecopoint 1 4 2 4.4762003
(a) Hydrogen Chloride (HCI) Ecopoint 4Z 3 8.5511142
Ecopoints-Energy & Waste
Total Ecopoint 0.01650459
W aste (munidpal and industaial) Ecopoint 222 0.01650459
Ecopoints-Total
Total Ecopoint 603.3391051
(a) Nitrogen Oxides (NOx as N02) Ecopoint 4 2 2 389258466
(a) Sulphur Oxides (SOx a s S 0 2 ) Ecopoint 23 123.61465
(a) Cartwn Dioxide (C 02, fossil) Ecopoint 0.036 36.90972
(a) Hydrocartxxts (unspedSed) 1 4 2 122840286
(a) Methane (CH4) Ecopoint 1 4 2 26.772174
(a) Hydrocarbons (except methane) Ecopdnt 14.3 4.4762003
(a) Hydrogen Chloride (HCI) Ecopoint 4 2 2 8.5511142
w a ste  (municipal and indusbial) Ecopoint 222 0.01650459
(vr) Dissolved Organic Carbon (DOC) Ecopdnt 11.5 0.005862861
(vr) COD (Chemical Oxygen Demand^ Ecopdnt 3.83 0.010228092
(vr) Phosphorus (P) Ecopoint 756 0.00838283
(vr) Chlorides (CL) Ecopdnt 0.0262 0.65835622
(vr) Nitrates (N03-) Ecopdnt 0 2 0 5 0.000365808
(w) Sulphates (S 0 4 -) Ecopoint 0.0766 0.147578326
(vr) Ammonia (NH4+, NH3, a s  N) Ecopdnt 10.3 0.025473239
Ecopoints-Water
Total Ecopdnt 0.856247376
(vr) Dissolved Organic Carbon (DOC) Ecopdnt 1 1 2 0.005862861
(vr) COD (Chemical Oxygen Demanrfl Ecopdnt 3.83 0.010228092
(vr) Phosphorus (P) Ecopdnt 756 0.00838283
(vr) Chlorides (CL) Ecopdnt 0.0262 0.65835622
(vr) NKrates (N03-) Ecopdnt 0 2 0 5 0.000365808
(vr) Sulphates (S 0 4 -) Ecopoint 0.0766 0.147578326
(vr) Ammonia (NH4+, NH3, a s  N) Ecopoint 10.3 0.025473239
EPA-Maximum Incremental Reactivity
Total g  0 3 0.306299137
(a) Acetaldehyde (CH3CH0) g  0 3 6.322 0.00092905
(a) Carbon Monoxide (CO) g 0 3 0.061 0.022344544
(a) Methane (CH4) g 0 3 0.016 0.02995488
(a) Ethane (C2H6) g 0 3 0Z99 0.012617621
(a) Propane (C3H8) g 0 3 0.577 0.006988624
(a) Butane (n-C4H10) g 0 3 12 5 5 0.006412862
(a) Heptane (C7H16) g 0 3 1.045 0.000502156
(a) Ethylene (C2H4) g 0 3 8 2 8 7 0Z0078158
(a) Propylene (CH2CHCH3) g  0 3 11.14 0.014503946
(a) Butene (1-CH3CH2CHCH2) g  0 3 10.68 0.000515128
(a) Benzene (C6H6) g  0 3 0.601 0.001315992
(a) Toluene (C6H5CH3) g  0 3 3.154 0.00274352
(a) Ethyitwnzene (C8H10) g  0 3 3.11 0.000150002
(a) Acetylene (C2H2) g 0 3 0.567 0.000627198
(a) Methanol (CH30H) g 0 3 0.627 0.000310601
(a) Ethanol (C2H50H) g 0 3 1.622 0.00047273
(a) Formaldehyde (CH20) g 0 3 7.009 0.005057372
(a) Acetone (CH3COCH3) g 0 3 0.489 7.13319E-05
(a) Benzaldehyde (C6H5CHO) g 0 3 -0259 -3.82E-12
(a) Phenol (C6H50H) g 0 3 1 2 7 1.55E-10
(a) Propionaldéhyde (CH3CH2CHO) g 0 3 7.592 3.08E-10
EPSAir
Total ELU 7Z7E-02
(a) Methane (CH4) ELU 0.0015577 0.002916295
(a) Cartwn Dioxide (C 02, fossil) ELU 0.0000636 0.065207172
(a) Carbon Monoxide (CO) ELU 0.0001912 7.00373E-05
(a) Ethylene (C2H4) ELU 0.003404 8Z4738E-05
(a) Nitrogen Oxides (NOx as N02) ELU 0.0003948 0.003635879
(a) NHrous Oxide (N20) ELU 0.020341 0.000125053
(a) Polycydic Aromatic Hydrocarbons (PAH, unsp ELU 8.8 0.000113035
(a) Sulphur Oxides (SOx as S 0 2 ) ELU 0.0000545 0.000292913
(a) Particulates (unspedSed) ELU 0.0000071 0.00022227
(a) Arsenic (As) ELU 0.01 5.43773E-07
(a) Cadmium (Cd) ELU 0.0212 7.63548E-07
(a) Mercury (Hg) ELU 0.17672 1.16E-06
(a) Hydrogen Sulphide (H2S) ELU 0.0001418 4.62397E-07
(a)Lead(Pb) ELU 02907 6.56479E-05
EPS-Metal Resources
Total ELU 0.004200908
(r) Silver (Ag, ore) ELU 45000 1.09304E-05
(r) Bauxite (AI203, ore) ELU 0.164 Z13828E-05
(r) Chromium (Cr, ore) ELU 33 3.17781E-07
(r) Copper (Cu, ore) ELU 57 2.79217E-06
(r) Iron (Fe, ore) ELU 0.68 0.000280027
(r) Manganese (Mn, ore) ELU 3.6 Z01918E-08
(r) Nickel (Ni, ore) ELU 40 1.30426E-07
6.15E-0900
18Z736 0.030551429
23 0 8  
1.19808 
5.72
0.021423212
0.016851168
183736
23 0 8
1.19808
5.7200
0.06768
0.0014208
0.003989872
0.0179832510
0.090807105
0.030551429
0.021423212
0.0168511680
0.003989872
0.017983251
8.17353E-0600
8.17353E-0600
0.0019520
0.002116608
6.1184E-060
0.00017055400
0.000005232
4544E-0700000
0.001952 1.16781E-05
731386E-06
4.46419E-060
0.000108057
4.35E-07
2.97704E-05
236113E-080
2.85E-07
1.73E-060
5.07637E-08
7.57598E-050
0.003920448 0366797494  
0  2.46E-13
0  1.17E-05
0  7.41E-05
0  1.32E-02
0  2.86E-03
834E-06  
0.001277624 
5.18857E-06 
5.03E-05 
0.09988582  
3.66E-09 
1.47E-06 
4.43E-05 
8.06E-05 
4.69E-0S 
03461786  
3.19E-06
00
6.90E-08
3.44840155 76.72767035 
0.93584943 20.8370223
0.3923087
0.50269320
0.56184557
1.055704650
26.69771
8.941824
6.8478267
11354486
1.8989113
0.14989005
0.010679776
0.010679776
3.448493345
0.93584943
0.3923087
0.5026932
0
0.56184557
1.05570465
9.17951E-05
0
77.51051059
20.8370223
26.69771
8.941824
6.8478267
11.354486
1.8989113
0.14989005
0.010679776
8.58444E-05
0.006901086
0.006017337
0.62070158
0.00014748
0.130092844
0.008214291
9.17951E-05 0.772160461 
0  8.58444E-05
9.17951E-05 0.006901086 
0  0.006017337
0  0.62070158
0 0.00014748
0 0.130092844
0 0.008214291
3.83E-02 
0.000676833 
0.002220632 
0.01270432 
0.007552561 
0.003593452 
0.00377371 
0.000365069 
0.002450947 
0.000787009 
0.000373131 
8.81739E-05 
0.000750624 
0.000108655 
4.03151E-07 
0.000228199 
0.000347256 
0.00226179 
5Z3465E-05 
•5.59E-14 
2Z7E-12 
4.51 E-12
0.000198256
0.000628638
0.000994952
6.12019E-05
0.000888091
621419E -07
0
8.73459E-06
3.06433E-05
0
9Z9601E-07
4.72959E-06
1.75E-02
0.001236845
0.015797222
6.96041E-06
1.00676E-06
0.000194479
2.63056E-05
4.42121E-06
6.3262E-05
0.000127102
9.76789E-08
5Z3871E-07
3.07E-08
1Z6E-09
1Z504E-OS
1.13E-13 
0.017067321 
3Z3E-12 
1.67E-06 
1.1 IE-05 
2.72E-04 
6.15E-05 
3.72E-07 
6.72E-05 
1.31E-07 
3.08E-06 
1.44E-02 
8.64E-11 
6.60E-07 
5.01E-06 
8.65E-06 
1Æ7E-04 
0.004518187 
6.74E-08
4.746332436
1.34758917
1.7078811
0.5796252
0.00087186
0.79927562
0.080918265
0J23017122
0.000237007
0.000237007
4.75108934
1J4758917
1.7078811
0Æ796252
0.00087186
0.79927562
0.080918266
0Z3017122
0.000237007
0.000310898
0.000173668
0.0001273
0.002026444
1.17496E-05
0.000941023
0.000928815
0.004519897
0.000310898
0.000173868
0.0001273
0.002026444
1.17496E-05
0.000941023
0.000928815
1.43E-02 
1.35733E-05 
0.000966887  
0.000894294  
0.000272582  
0.000182717 
0.00014203 
7J775E-06  
0.010673407  
0.000738198  
7.64173E-06 
6.60769E-05 
0.000107251 
2Z2514E-06 
3.37319E-05 
4.43461 E-06 
6.75265E-06 
0.000150448  
1.02173E-06 
-2.03E-13 
822E-12  
1.63E-11
1.15E-03 
8.70651 E-05 
0.001024005  
3.03063E-06 
4.38425E-06 
1Z5775E-05 
3.5718E-06 
5.84521 E-06 
4.04694E-06 
6.06937E-07 
2.40071E-08 
1Z9E-08 
6.09E-08 
2.48E-08 
2.86001 E-06
1.99E-12 0
0.300072194 0.625179134
5.68E-11 0
Z93E-05 0
1.96E-04 0
4.79E-03 0
1.08E-03 0
6.55E-06 0
1.18E-03 0
2.30E-06 0
5.41 E-05 0
0253674033 0
1.52E-09 0
1.16E-05 0
8.80476E-05 0
1.52E-04 0
2.75E-03 0
0.079437628  
1.19E-06
0.02193446
0
406.53757
324.441
62.56
15.48
0
00
4.05657
406.53757
324.441
62.56
15.480
83.44861576
23.6929491
30.02742
10.190808
0.015328742
14.0526243
1.42268269
4.04680293
0.004167007
0.004167007
83.53225021
23.6929491
30.02742
10.190808
0.015328742
14.0526243
1.42268269
4.04680293
0.004167007
0.005466111
0.003053376
0.002238153
0.035628332
0.000206579
0.016544757
0.016330135
0.079467443
0.005466111
0.003053376
0.002238153
0.035628332
0.000206579
0.016544757
0.016330135
0250903119
0.000238643
0.016999541
0.015723216
0.004792462
0.003212476
0.002497124
0.00012971
0.187657458
0.012978768
0.000134354
0.001161745
0.001885647
3.91216E-05
0.000593065
7.79681E-05
0.000118723
0.002645134
1.79639E-05
-3.56E-12
1.45E-10
2.87E-10
2.02E-02 0.030527303
0.001530753 0
0.018003761 0.027348
5.32838E-05 0
7.70829E-05 0
0.000221134 0.003028116
627982E-05 0
0.000102769 0
7.11519E-05 0.00014824
1.0671 E-05 2.9465E-06
422087E-07 0
226779E-07 0
1.07E-06 0
4.36317E-07 0
5.02838E-05 0
0 0 0 3.76E-05 2Z3E-04 0.003919373 0
0 0 0 1.60045E-07 5.79623E-07 1.01907E-05 0
0 0 0 Z33438E-07 8.47E-09 1.48982E-07 0
0 0 0 4.65297E-09 1.68514E-08 2.96277E-07 0
0 0 0 4.08832E-08 1.48064E-07 2.60322E-06 0
0 0 0 3.60721 E-05 1Z1288E-05 0.000230827 0
0 0 0 2.96E-10 1.07E-09 1.88254E-08 0
0 0 0 1.90971 E-09 6.91628E-09 1Z16E-07 0
(r) Lead (Pb. ore)
(r) Zinc (Zn. ore)
(r) Uranium (U. ore)
EPS-Non Renewable Energy
Total
(r) Natural Gas (in ground) 
(r) Oil (in ground)
(r) Coal (in ground
EPS-Total
Total 
(a) Methane (CH4)
(a) Cartwn Dioxide (C 02, fossil)
(a) Carbon Monoxide (CO)
(a) Ethylene (C2H4)
(a) Nibogen Oxides (NOx a s  N 02)
(a) Nitrous Oxide (N 20)
(a) Polycyclic Aromatic Hydrocarbons (PAH, unsp 
(a) Sulphur Oxides (SOx a s  S 0 2 )
(a) Particulates (unspedlied)
(a) Arsenic (As)
(a) Cadmium (Cd)
(a) Mercury (Hg)
(a) H y io g en  Sulphide (H2S)
(a) Lead (Pb)
(r) Silver (Ag, ore)
(r) Bauxite (AI203, ore)
(r) Chromium (Cr, ore)
(r) Copper (Cu, ore)
(r) Iron (Fe, ore)
(r) Manganese (Mn, ore)
(r) Nickel (Ni, ore)
(r) Lead (M), ore)
(r)Zinc (Zn.ore)
(r) Uranium (U, ore)
(r) Natural Gas Cm ground)
(r) Oil (in ground)
(r) Coal (in ground)
(w) Nitrogenous Matter (unspedlied, a s  N 
(w) Nibogenous Matter (iqeldahl. a s  N) 
(w) Nibates (N03-)
(w) Ammonia (NH4+, NH3, a s  N)
(w) Phosphonis (P)
(w) COD (Chemical Oxygen Demand) 
(w) BOOS (Biochemical Oxygen Demand)
Total
(w) B 0D 5 (Biochemical Oxygen Demand) 
(w) COD (Chemical Oxygen Demand) 
(w) Phosphorus (P)
(w) Ammonia (NH4+, NH3, a s  N)
(w) Nibates (N03-)
(w) Nitrogenous Matter (Kjeldahl, a s  N) 
(w) Nitrogenous Matter (unspedfied, a s  N
ETH-Air Addfication
Total
(a) Sulphur Oxides (SOx a s  S 0 2 )
(a) Hydrogen Chloride (HCI)
(a) Nibogen Oxides (NOx a s  N02)
(a) Ammonia (NH3)
(a) Hydrogen Fluoride (HF)
(a) Hydrogen Sulphide (H2S)
IPCC-Greenhouse effect (direcL 100 years)
Total
(a) Cartwn Dioxide (C 02, fossil)
(a) Methane (CH4)
(a) Nibous Oxide (N 20)
(a) Halon 1301 (CF3Br)
(a) Cartwn Teballuotide (CF4)
IPCC-Greenhouse effect (drecL 20  years)
Total
(a) Cartwn Dioxide (C 02, fossil)
(a) Methane (CH4)
(a) Nibous Oxide (N20)
(a) Halon 1301 (CF3Br)
(a) Cartwn Teballuoride (CF4)
IPCC-Greenhouse effect (direcL 500 years)
Total
(a) Carbon Dioxide (C 02, fossil)
(a) Melfiane (CH4)
(a) Nibous Oxide (N 20)
(a) Halon 1301 (CF3Br)
(a) Carbon Tetrafluoride (CF4)
USES-Aquatic Ec&toxidty
ELU 240 3.67046E-06 0 0 0 0 5.37432E-08 124639E-07 3.42209E-06 0
ELU 49 1.74479E-08 0 0 0 0 2.55E-10 925E-10 1.62672E-08 0
ELU 1260 0.003881619 0 0 0 0 1.05706E-06 0.000203837 0.003671728 0
ELU . 0.13167135 0.085104608 7.75586E-05 0 0.00269711 0.017443565 0.001417974 0.02493049 0
ELU 0.5 0.107397 0.084805 126907E-05 0 0.00188915 0.004335225 0.000880155 0.0154747 0
ELU 0.5 0.0166026 0.000213334 6.48145E-05 0 0.00080582 0.01168035 0.000206564 0.00363174 0
ELU 0.05 0.00767175 8.62745E-05 5.34135E-08 0 213975E -06 0.00142799 0.000331256 0.00582405 0
ELU . 0Z08606021 0.087424566 1.86E-04 0 3.69E-03 3.50E-02 2.79E-03 4.90E-02 0.030527303
ELU 0.0015577 0.002916295 0 4.35E-07 0 6.12019E-05 0.001236845 8.70651E-05 0.001530753 0
ELU 0.0000636 0.065207172 0.002116608 2.97704E-05 0 0.000888091 0.015797222 0.001024005 0.018003761 0.027348
ELU 0.0001912 7.00373E-05 6.1184E-06 226113E-08 0 621419E-07 6.96041 E-06 3.03063E-06 5.32838E-05 0
ELU 0.003404 824738E-05 0 0 0 0 1.00676E-06 4.38425E-06 7.70829E-05 0
ELU 0.0003948 0.003635879 0.000170554 2.85E-07 0 8.73459E-06 0.000194479 125775E-05 0.000221134 0.003028116
ELU 0.020341 0.000125053 0 1.73E-06 0 3.06433E-05 2.63056E-05 3.5718E-06 627982E-05 0
ELU 8.8 0.000113035 0 0 0 0 4.42121 E-06 5.84521E-06 0.000102769 0
ELU 0.0000545 0.000292913 0.000005232 5.07637E-08 0 929601 E-07 6.3262E-05 4.04694E-06 7.11519E-05 0.00014824
ELU 0.0000071 0.00022227 4.544E-07 7.57598E-05 0 4.72959E-06 0.000127102 6.06937E-07 1.0671E-05 2.9465E-06
ELU 0.01 5.43773E-07 0 0 0 0 9.76789E-08 2.40071E-08 422087E-07 0
ELU 0.0212 7.63548E-07 0 0 0 0 523871 E-07 129E-08 226779E-07 0
ELU 0.17672 1.16E-06 0 0 0 0 3.07E-88 6.09E-08 1.07E-06 0
ELU 0.0001418 4.62397E-07 0 0 0 0 126E-09 2.48E-0S 426317E-07 0
ELU 0Z 907 6.56479E-05 0 0 0 0 12504E-05 2.86001 E-06 5.02838E-05 0
ELU 45000 1.09304E-05 0 0 0 0 1.60045E-07 5.79623E-07 1.01907E-05 0
ELU 0.164 2.13828E-05 0.000020992 0 0 0 2.33438E-07 8.47E-09 1.48982E-07 0
ELU 33 3.17781E-07 0 0 0 0 4.65297E-09 1.68514E-08 2.96277E-07 0
ELU 57 2.79217E-06 0 0 0 0 4.08832E-08 1.48064E-07 2.60322E-06 0
ELU 0.68 0.000280027 0 0 0 0 3.60721E-05 121288E-05 0.000230827 0
ELU 3.6 2.01918E-08 0 0 0 0 2.96E-10 1.07E-09 1.8S254E-08 0
ELU 40 1.30426E-07 0 0 0 0 1.90971E-09 6.91628E-09 1216E-07 0
ELU 240 3.67046E-06 0 0 0 0 5.37432E-08 124639E-07 3.42209E-06 0
ELU 49 1.74479E-08 0 0 0 0 2.55E-10 925E -10 1.62672E-08 0
ELU 1260 0.003881619 0 0 0 0 1.05706E-06 0.000208837 0.003671728 0
ELU 0.5 0.107397 0.084805 126907E-05 0 0.00188915 0.004335225 0.000880155 0.0154747 0
ELU 0.5 0.0166026 0.000213334 6.48145E-05 0 0.00080582 0.01168035 0.000206564 0.00363174 0
ELU 0.05 0.00767175 8.6274SE-05 5.34135E-08 0 213975E-06 0.00142799 0.000331256 0.00582405 0
ELU 0.00001 1.47281E-08 0 0 0 0 1.07195E-08 2.15731E-10 3.79293E-09 0
ELU 0.00001 4.02168E-10 0 0 0 0 0 2.16E-11 3.80524E-10 0
ELU 0.0000023 9.30E-10 0 0 0 0 3.75E-10 299E-11 525E-10 0
ELU 0.0000078 1Æ2904E-08 0 0 0 0 622E-09 7.03E-10 123665E-08 0
ELU 0.000075 8.3163E-10 0 0 0 0 5.96958E-10 126E-11 222039E-10 0
ELU 0.000006 1.60231E-08 0 128E-11 0 1.44E-10 1.08111E-08 2.72064E-10 4.78336E-09 0
ELU 0.0000075 2.67494E-09 0 524E-12 0 5.99E-11 213E-09 2.56E-11 4.49E-10 0
ELU . 5.49E-08 0 1.81E-11 0 204E -10 3.08576E-08 128E-09 225E-08 0
ELU 0.0000075 2.67494E-09 0 5.34E-12 0 5.99E-11 2.13E-09 2.56E-11 4.49E-10 0
ELU 0.000006 1.60231E-08 0 128E-11 0 1.44E-10 1.08111E-08 2.72064E-10 4.78336E-09 0
ELU 0.000075 8.3163E-10 0 0 0 0 5.96958E-10 126E-11 222039E-10 0
ELU 0.0000078 1.92904E-08 0 0 0 0 622E-09 7.03E-10 123665E-08 0
ELU 0.0000023 9.30E-10 0 0 0 0 3.75E-10 2.99E-11 525E-10 0
ELU 0.00001 4.02168E-10 0 0 0 0 0 2.16E-11 3.80524E-10 0
ELU 0.00001 1.47281E-08 0 0 0 0 1.07195E-08 2.15731E-10 3.79293E-09 0
geq .H + / 0.395683287 124E-02 4.49E-05 0 1.02E-03 6.59E-02 3.18E-03 5.60E-02 0257166528
geq .H + 32 0.167954688 0.003 2.91076E-05 0 0.000533028 0.036274063 0.002320491 0.040798125 0.085
g e q . H+ 36.5 5.54E-03 428E-05 0 0 0 9.71E-05 1.49E-04 262E -03 2.63E-03
g eq .H * 46 0Z00204783 9.39E-03 1.57E-05 0 4.81 E-04 1.07E-02 623E -04 122E-02 0.16673913
geq .H + 17 1.88E-02 0 129E-07 0 157E-06 1.88E-02 128E-06 2.43E-05 0
geq .H + 20 0.00298918 0 0 0 0 5.5194E-06 9.88405E-06 0.000173779 0.0028
geq .H + 17 1.92E-04 0 0 0 0 524E-07 1.03E-05 1.81E-04 0
g e q .C 0 2 . 1066S22305 3 3 2 8 0.50037283 0 152557967 265.4815225 17.32935356 304.6798166 430
g e q .C 0 2 1 1025Z7 3 3 2 8 0.468088 0 13.9637 248284 16.1007 283.078 430
g e q .C 0 2 21 39.31578 0 0.005859252 0 0.8250879 16.67442 1.1737614 20.636721 0
g e q .C 0 2 310 1S058242 0 0.026425578 0 0.4670088 0.4009013 0.05443476 02570537 0
g e q .C 0 2 5600 0.030623432 0 0 0 0 0.02220008 0.000453314 0.007970032 0
g e q .C 0 2 6500 7.70575E-05 0 0 0 0 1.12829E-06 4.08623E-06 7.18432E-05 0
g e q .C 0 2 . 1131867426 3 3 2 8 0.507580936 0 16.5857488 2932358038 1928040193 338.9825642 430
g e q .C 0 2 1 102527 3 3 2 8 0.468088 0 13.9637 248.384 16.1007 283.078 430
g e q .C 0 2 56 104.84208 0 0.015624672 0 22002344 44.46512 3.1300304 55.031256 0
g e q .C 0 2 280 1.7213896 0 0.023868264 0 0.4218144 02621044 0.04916688 0.8644356 0
g e q .C 0 2 6200 0.033904514 0 0 0 0 0.02457866 0.000501883 0.008823964 0
g e q .C 0 2 4400 0.000052162 0 0 0 0 7.63765E-07 276606E -06 4.86323E-05 0
g e q .C 0 2 . 1038.496449 3 3 2 8 0.484393024 0 14.47518595 253.7737023 16.49404279 289.993634 430
g e q .C 0 2 1 102527 3 3 2 8 0.468088 0 13.9637 248284 16.1007 283.078 430
g e q .C 0 2 6.5 1216917 0 0.001813578 0 025538435 5.16113 02633071 6.3875565 0
g e q .C 0 2 170 1.0451294 0 0.014491446 0 02561016 02198491 0.02985132 0.5248359 0
g eq. C 02 2200 0.012030634 0 0 0 0 0.00872146 0.000178088 0.003131084 0
g e q .C 0 2 10000 0.00011855 0 0 0 0 1.73583E-06 628651 E-06 0.000110528 0
Total 1-4-rScl)loroben 021973578 0 0 0 0 728E-02 7.91E-03 0.139013736 0
(a) Arsenic (As) 1-4-r£chloroben 5.6 0.000304513 0 0 0 0 5.47002E-05 1.3444E-05 0.000236369 0
(w) Arsenic (As3+, As5+) 1-4-rtichloroben 190 0.000579804 0 0 0 0 0.000152881 229754E-05 0.000403946 0
(s) Arsenic (As) 1-4-dichloroben 0.00000003 7.66E-15 0 0 0 0 1.12E-16 4.06E-16 7.14E-15 0
(a) Benzene (C6H6) 1-4-<5chloroben 0.0013 284657E-06 0 0 0 0 120726E-07 1.42929E-07 2.51293E-06 0
(a) Benzo(a)pyrene (C20H12) 1-4-dichloroben 320 0.001105174 0 0 0 0 7.9704E-06 5.90474E-05 0.001038157 0
(a) Cadmium (Cd) 1-4-dichloroben 130 0.004682132 0 0 0 0 0.003212417 720949E-05 0.001390623 0
(a) Copper (Cu) 1-4-dichloroben 2.9 0.000236134 0 0 0 0 0.000106518 6.97546E-06 0.00012264 0
(a) Ethylene (C2H4) 1-4-dichloroben 0.0022 5.33027E-05 0 0 0 0 6.50668E-07 283353E -06 4.98186E-05 0
(a) Lead (Pb) 1-4-rSchloroben 1 2 0.000270992 0 0 0 0 5.1616E-05 1.1806E-05 0.00020757 0
(a) Mercury (Hg) 1-4-dichloroben 16000 0.10523696 0 0 0 0 0.002782736 0.005513712 0.09694048 0
(a)Phend(C6H 50H ) 1-4-dichloroben 39 4.41367E-09 0 0 0 0 6.46E-11 2.34E-10 4.11501 E-09 0
(a) Toluene (C6H5CH3) 1-4-dichloroben 0.000097 8.43758E-08 0 0 0 0 230851E-08 3.30E-09 5.79923E-08 0
(a) Vanadium (V) 1-4-dichloroben 11 0.03009149 0 0 0 0 0.02143031 0.000466115 0.00819511 0
(a)Zinc(Zn) 1-4-dichloroben 2.6 0.000443966 0 0 0 0 7.84449E-05 1.96709E-05 0.000345849 0
(s) Cadmium (Cri) 1-4-dichloroben 0.0000039 4.51 E-16 0 0 0 0 6.60E-18 229E -17 420E -16 0
(s) Cobalt (Co) 1-4-dichloroben 0.000000068 7.97E-18 0 0 0 0 1.17E-19 423E -19 7.43E-18 0
(s) Copper (Cu) 1-4-dichloroben 0.000000014 821E-18 0 0 0 0 120E-19 4.36E-19 7.66E-18 0
(s) Lead (%) 1-4-dichloroben 1.8E-09 4.83E-18 0 0 0 0 7.07E-20 2.56E-19 4.50E-18 0
(s) Mercury (Hg) 1-4-dichloroben 16000 3.40595E-07 0 0 0 0 4.98701 E-09 1.80611E-08 3.17546E-07 0
USES-Human Toxicity
(s)Nickel(Ni) 1-4-dichloroben 0.00000053 5.11E-16 0 0 0 0 7.48E-18 2.71E-17 4.76E-16 0
(s)Z nc(Z n) 1-4-dichloroben 0.000000039 3.74E-13 0 0 0 0 5.48E-15 159E-14 3.49E-13 0
(w) Benzene (C6H6) 1-4-<Schloroben 1 0.000348488 0 0 0 0 0.000249083 5.34962E-06 9.40554E-05 0
(w) Cadmium (Cd++) 1-4-dchloroben 4500 0.00539667 0 0 0 0 0.002981048 0.00013 0.002285622 0
(w) Trichlorethane (1,1,1-CH3CCO) 1-4-dichloroben 0.18 2.70E-12 0 0 0 0 3.96E-14 1.43E-13 2.52E-12 0
(a) Cobalt (Co) 1-4-dchloroben 2.6 0.000104073 0 0 0 0 6.42546E-05 2.14286E-06 3.76753E-05 0
(w) Methylene Chloride (CH2CI2) 1-4-dichloroben 0.021 929945E-08 0 0 0 0 1.36E-09 4.93135E-09 8.67014E-08 0
(a) Formaldehyde (CH20) 1-4-dichloroben 6.1 0.004401479 0 0 0 0 0.001968458 0.000130937 0.002302085 0
(w) Formaldehyde (CH20) 1-4-ctchloroben 160 3.13318E-09 0 0 0 0 4.59E-11 1.66E-10 222115E -09 0
(a) Nickel (Ni) 1-4-dichloroben 80 0.05645552 0 0 0 0 0.03896656 0.000941192 0.01654776 0
(w) Tetrachloroethylene (C2CM) 1-4-dichloroben 1.1 723E-12 0 0 0 0 1.07E-13 3.89E-13 6.S3E-12 0
(w) Trichloroelhylene (CHCICI2) 1-4-dichloroben 0.16 6.61E-11 0 0 0 0 9.68E-13 3S1E-12 6.16E-11 0
(w) Chloroform (CHCI3) 1-4-dichlocoben 0.7 1.08148E-09 0 0 0 0 1.58E-11 5.73E-11 1.00829E-09 0
(w) VanarSum (V3+, V5+) 1-4-dichloroben 380 0.008657578 0 0 0 0 0.000302361 0.000449646 0.007905596 0
(w) Zinc (Zn++) 1-4-dichloroben 0.86 3.17696E-05 0 0 0 0 8.367E-06 125944E-06 221432E -05 0
(w) Chromium (Cr III) 1-4-dichloroben 84 0.000563921 0 0 0 0 825695E-06 2.99037E-05 0.000525759 0
(w) Chromium (Cr VI) 1-4-dichloroben 84 1.05948E-08 0 0 0 0 1.55E-10 5.62E-10 9.8779E-09 0
(w) Chromium (CrIII, CrVI) 1-4-dichloroben 84 0.00076843 0 0 0 0 0.0003885 2.04464E-05 0.000359484 0
Total 1-4-dichloroben . 47Æ8445294 0.12768 0.000374757 0 0.008907456 23.83122097 1.140198943 20.04666647 2.4294
(a) Ammonia (NH3) 1-4-dichloroben 16 5.114784 0 3.79392E-05 0 0.000426086 5.107328 0.000376186 0.006614 0
(a) Arsenic (As) 1-4-dichloroben 42000 22838466 0 0 0 0 0.41025138 0.10082982 1.7727654 0
(a) Benzene (C6H6) 1-4-dichloroben 29 0.06350043 0 0 0 0 0.004254648 0.003188405 0.05605758 0
(a) Berizo(a)pyrene (CZ0H12) 1-4-dichloroben 3700 0.012778579 0 0 0 0 921578E-05 0.000682735 0.012003688 0
(a) Cadmium (Cd) 1-4-dichloroben 23000 0.8283772 0 0 0 0 0.5683507 0.013993706 02460333 0
(a) Copper (Cu) 1-4-dichloroben 350 0.028498925 C 0 0 0 0.012855605 0.000841866 0.01480143 0
(a) Lead (Pb) 1-4-dichloroben 67000 15.130409 C 0 0 0 2.8818911 0.65916878 11589325 0
(a) Mercury (Hg) 1-4-dichloroben 29000 0.19074199 0 0 0 0 0.005043709 0.009993603 0.17570462 0
(a) Nitrogen Oxides (NOx as N02) 1-4-dichloroben 0 2 6 2.3944492 0.11232 0.000187787 0 0.005752266 0.12807626 0.008283054 0.14563042 15942
(a) Phenol (C6H50H) 1-4-dichloroben 2 2 2.49E-10 0 0 0 0 3.65E-12 1.32E-11 2.32E-10 0
(a) Sulphur Oxides (SOx as S 0 2 ) 1-4-dichloroben 0.16 0.859928 0.01536 0.000149031 0 0.002729104 0.1857232 0.011880912 02088864 0.4352
(a) Toluene (C6H5CH3) 1-4-dchloroben 0.036 3.13147E-05 0 0 0 0 8.56768E-06 1.22417E-06 2.15229E-05 0
(a)VanacSum(V) 1-4-dichloroben 4900 13.404391 0 0 0 0 9.546229 020763309 3.650549 0
(a)Zinc(Zn) 1-4-dchloroben 0.63 0.000107576 0 0 0 0 190078E-05 4.76642E-06 82802E-05 0
(s) Arsenic (As) 1-4-dchloroben 670 0.000171141 0 0 0 0 2Æ0585E-06 9.07528E-06 0.00015956 0
(s) Cadmium (Cd) 1-4-dchloroben 20000 221136E-06 0 0 0 0 3S8432E-08 122567E-07 Z15494E-06 0
(s) Cobalt (Co) 1-4-dchloroben 1500 1.75808E-07 0 0 0 0 2Æ742E-09 92228E-09 1.6391 IE-07 0
(s) Copper (Cu) 1-4-dchloroben 30 1.76014E-08 0 0 0 0 2.58E-10 9.33372E-10 1.64103E-08 0
(s) Lead (Pb) 1-4-dchloroben 350 9.38903E-07 0 0 0 0 1.37474E-08 4.97886E-08 8.75368E-07 0
(s) Mercury (Hg) 1-4-dchloroben 29000 6.17329E-07 0 0 0 0 9.03895E-09 327358E-08 5.75551 E-07 0
(s) Nickel (Ni) 1-4-dchloroben 800 7.04625E-07 0 0 0 0 1.03171E-08 3.73651E-08 6.56943E-07 0
(s)Zinc(Zn) 1-4-dchloroben 12 0.000115196 0 0 0 0 1.68671E-06 6.10866E-06 0.000107401 0
(w) Ammonia (NH4+. NH3, a s  N) 1-4-dchloroben 17 0.04204321 0 0 0 0 0.013557568 0.001532995 0.02695265 0
(w) Arsenic (As3+, As5+) 1-4-dchloroben 51 0.000155632 0 0 0 0 4.10366E-05 6.16707E-06 0.000108428 0
(w) Benzene (C6H6) 1-4-dchloroben 22 0.007666736 0 0 0 0 0.005479826 0.000117692 0.002069219 0
(w) Cadmium (C dw ) 1-4-dchloroben 130 0.000155904 0 0 0 0 8.61192E-05 3.75556E-06 6.60291 E-05 0
(w) Trichlorethane (1,1,1-CH3Ca3) 1-4-dchloroben 1200 1.803E-08 0 0 0 0 2.64E-10 9.56E-10 1.681E-08 0
(a) Cobalt (Co) 1-4-dchloroben 7600 0.30421204 0 0 0 0 0.18782108 0.006263745 0.1101278 0
(w) Methylene Chloride (CH2CI2) 1-4-dchlorot>en 12 521397E-05 0 0 0 0 7.78076E-07 2.81791 E-06 4.95437E-05 0
(a) Formaldehyde (CH20) 1-4-dchloroben 0.42 0.000303053 0 0 0 0 0.000135533 9.0153E-06 0.000158504 0
(w) Formaldehyde (CH20) 1-4-dchloroben 0.35 6.8SE-12 0 0 0 0 1.00E-13 3.63E-13 629E -12 0
(a) Nickel (Ni) 1-4-dchloroben 9800 6.9158012 0 0 0 0 4.7734036 0.11529602 2.0271006 0
(w) Tetrachloroethylene (C2CM) 1-4-dchloroben 37 2.46E-10 0 0 0 0 3.61 E-12 121E-11 220E -10 0
(w) Trichloroethylene (CHCICI2) 1-4-dchloroben 0.11 4.55E-11 0 0 0 0 6.66E-13 2.41E-12 424E-11 0
(w) Chloroform (CHCI3) 1-4-dchloroben 32 4.9439E-08 0 0 0 0 724E-10 2.62166E-09 4.60934E-0S 0
(w) Cobalt (C ol. Co II, Co III) 1-4-dchloroben 31 128518E-05 0 0 0 0 1.88177E-07 6.8151E-07 1.19822E-05 0
(w) Copper (Cu+, Cu++) 1-4-dchloroben 1.1 6.4184E-06 0 0 0 0 3.00506E-06 1.83693E-07 322964E-06 0
(w)Lead(Pb++,Pb4+) 1-4-dchloroben 0.026 1S6912E-06 0 0 0 0 2.64722E-08 8.84016E-08 155425E-06 0
(w) Mercury (Hg+. Hg++) 1-4-dchloroben 18000 0.000206012 0 0 0 0 0.000143224 3.37903E-06 0.000059409 0
(w) Nickel (NI++, NI3+) 1-4-dchloroben 63 0.001178812 0 0 0 0 0.000393696 422521 E-05 0.000742865 0
(w) Toluene (C6H5CH3) 1-4-dchloroben 0.053 1Æ3724E-05 0 0 - 0 0 1.09691E-05 2.36968E-07 4.1663E-06 0
(w) Vanadum (V3+, V5+) 1-4-dchloroben 19 0.000432879 0 0 0 0 1J1181E-05 224823E-05 0.00039528 0
(w) Zinc (Zn**) 1-4-dchloroben 0.058 2.1426E-06 0 0 0 0 5.64286E-07 8.49393E-08 1.49338E-06 0
(w) Chromium (CrIII) 1-4-dchloroben 9.3 624341E-05 0 0 0 0 9.14162E-07 321077E-06 5.82091E-05 0
(w) Chromium (CrVI) 1-4-dchloroben 67000 8.45064E-06 0 0 0 0 123736E-07 4.48123E-07 7.8788E-06 0
USES>Tefrestrial Eco-toxldty
Total 1-4-dchloroben • 6680.098212 0 0 0 0 4261.522803 130.1590765 2288.420754 0
(a) Arsenic (As) 1-4-dctiloroben 72000 3.9151656 0 0 0 0 0.70328808 0.17285112 3.0390264 0
(a) Benzene (C6H6) 1-4-dchloroben 0.063 0.000137949 0 0 0 0 924286E-06 6.92654E-06 0.00012178 0
(a) Benzo(a)pyrene (C20H12) 1-4-dchloroben 64000000 221.03488 0 0 0 0 159408 11.809472 207.63136 0
(a) Cadmium (Cd) 1-4-dchloroben 130000000 4682.132 0 0 0 0 3212.417 79.09486 1390.623 0
(a) Copper (Cu) 1-4-dchloroben 910000 74.097205 0 0 0 0 33.424573 2.1888503 38.483718 0
(a) Ethylene (C2H4) 1-4-dchloroben 17 0.4118845 0 0 0 0 0.005027886 0.02189549 0.3849616 0
(a) Lead (Pb) 1-4-dchloroben 11000 2.484097 0 0 0 0 0.4731463 0.10822174 1.902725 0
(a) Mercury (Hg) 1-4-dchloroben 13000000 85.50503 0 0 0 0 2260973 4.479891 78.76414 0
(a) Phenol (C6H50H) 1-4-dchloroben 11000 12448SE-06 0 0 0 0 1.82277E-08 6.60139E-08 1.16064E-06 0
(a) Toluene (C6H5CH3) 1-4-dchloroben 0.035 3.04449E-05 0 0 0 0 822969E-06 1.19016E-06 2.09251 E-05 0
(a)Vanadum(V) 1-4-dchloroben 450000 1231.0155 0 0 0 0 876.6945 19.068345 3352545 0
(a) Zinc (Zn) 1-4-dchloroben 660000 11269896 0 0 0 0 19512926 45933884 87.79254 0
(s) Arsenic (As) 1-4-dchloroben 200000 0.0510868 0 0 0 0 0.000748016 0.00270904 0.0476298 0
(s) Cadmium (Cd) 1-4-dchloroben 340000000 0.03929312 0 0 0 0 0.000575334 0.002083642 0.03663398 0
(s) Cobalt (Co) 1-4-dchloroben 45000 527423E-06 0 0 0 0 7.72259E-08 2.79684E-07 4.91733E-06 0
(s) Copper (Cu) 1-4-dchloroben 2400000 0.001408109 0 0 0 0 2.06176E-05 7.46698E-05 0.001312822 0
(s) Lead (% ) 1-4-dchloroben 29000 7.77948E-05 0 0 0 0 1.13907E-06 4.12534E-06 725305E -05 0
(s) Mercury (Hg) 1-4-dchloroben 17000000 0.000361882 0 0 0 0 52987E-06 151899E-05 0.000337392 0
(s) Nickel (Ni) 1-4-dchloroben 520000 0.000458006 0 0 0 0 6.70613E-06 2.42873E-05 0.000427013 0
(s) Zinc (Zn) 1-4<5chloroben 1800000 17279424 0 0 0 0 02530062 0.916299 16.110126 0
(vr) Arsenic (As3+, As5+) 1-4-dchloroben 0.0000097 296E-11 0 0 0 0 7.80E-12 1.17E-12 2.06E-11 0
(vr) Benzene (C6H6) 1-4-dchloroben 0.039 12591E-05 0 0 0 0 9.71424E-06 2.08635E-07 3.66816E-06 0
(vr) Cadmium (Cd++) 1-4-dchloroben 0.025 299815E-08 0 0 0 0 1.65614E-Q8 722E -10 126979E-08 0
(w) Trichlorethane (1,1,1-CH3CCI3) 1-4-dchloroben 2 3.005E-11 0 0 0 0 4.40E-13 1.59E-12 280E-11 0
(a) Cobalt (Co) 1-4-dchloroben 17000 0.6804743 0 0 0 0 0.4201261 0.014011009 02463385 0
(vr) Methylene Chloride (CH2CI2) 1-4-dchloroben 0.078 3.45408E-07 0 0 0 0 5.06E-09 1.83164E-08 322034E -07 0
(a) Formaldehyde (CH20) 1-4-dchloroben 2600 1.8760404 0 0 0 0 0.8390148 0.055809 0.9812166 0
(vr) Formaldehyde (CH20) 1-4-dchloroben 2.5 4.8956E-11 0 0 0 0 7.17E-13 2.60E-12 4.5643E-11 0
(a) Nickel (Ni) 1-4-dchloroben 190000 134.08186 0 0 0 0 92.54558 2235331 39.30093 0
(vr) Tetrachloroethylene (C2CI4) 1-4-dchloroben 110 723E-10 0 0 0 0 1.07E-11 3.89E-11 6.83E-10 0
(vr) Trichloroethylene (CHCICI2) 1-4-dchloroben 0.024 9.92E-12 0 0 0 0 1.45E-13 526E -13 925E -12 0
(vr) Chloroform (CHCI3) 1-4-dchloroben 5 2 8.03384E-09 0 0 0 0 1.18E-10 426E -10 7.49018E-09 0
(vr) Cobalt (C ol, Co II, Co III) 1-4-dchloroben 0.0000002 829E-14 0 0 0 0 121E-15 4.40E-15 7.73E-14 0
(vr) Copper (Cu+, Cu++) 1-4-dchloroben 0.00001 5.83E-11 0 0 0 0 273E-11 1.67E-12 2.94E-11 0
(vr)Lead(Pb++,Pb4+) 1-4dichloroben 0.0000002 128E-11 0 0 0 0 2.04E-13 6.80E-13 120E-11 0
(vr) Mercury (Hg+, Hg++) 1-4-dchloroben 8200000 0.09384982 0 0 0 0 0.065246334 0.001539337 0.0270641 0
(w) Nickel (Niw,NI3+) 1-4-dchloroben 0.000031 5.80E-10 0 0 0 0 1.94E-10 2.08E-11 3.66E-10 0
(vr) Toluene (C6H5CH3) 1-4-dchloroben 0.022 6.38099E-06 0 0 0 0 4.55321E-06 9.8364E-08 1.72941 E-06 0
(w) Vanadum (V3*. V5+) 1-4-dchloroben 0.000034 7.75E-10 0 0 0 0 2.71 E-11 4.02E-11 7.07E-10 0
(w) Zinc (Znw ) 1-4-dchloroben 0.000025 923535E-10 0 0 0 0 2.43E-10 3.66E-11 6.44E-10 0
(a)Zinc(Zn) 1-4-dchloroben 660000 11269896 0 0 0 0 19.912926 4.9933884 87.79254 0
(vr) Chromium (Cr VI) 1-4-dchloroben 0.000011 1.39E-15 0 0 0 0 203E-17 7.36E-17 129E -15 0
(w) Chromium (Cr III) 1-4-«fichloroben 0.000011 728E-11 0 0 0 1.08E-12 3.92E-12 6.8SE-11
(w) Chromium (CrIII, CrVI) 1-4-<£chloroben 0.000011 1.01 E-10 0 0 0 5.0875E-11 2.68E-12 4.71 E-11
WMO-Photochemical oxidant formation (high)
Total g eq. ethylene 1.089352851 0.3232 0.001013169 0.060165272 0.539622236 8.90E-03 0.156453608
(a) Methane (CH4) g eq. ethylene 0.03 0.0561654 0 8.37036E-06 0.001178697 0.0238206 0.001676802 0.02948103
(a) Ethane (C2H6) g eq. ethylene 0.3 0.01265982 0 0 0 0.00757782 0.000273494 0.00480849
(a) Propane (C3H8) g eq. ethylene 1 2 4 0.01501888 0 0 0 0.007722497 0.000392667 0.006903762
(a) Butane (n-C4H10) g eq. ethylene 1.15 0.005876328 0 0 0 0.003457981 0.000130147 0.002288201
(a) Heptane (C7H16) g eq. ethylene 1.65 0.000792878 0 0 0 0.000576424 1.16487E-05 0.000204805
(a) Alkane (unspedfied) g eq. etfrylene 1.173 0.007839323 0 0 0 0.001910113 0.000319069 0.005610119
(a) Methanol (CH30H) g  eq. ethylene 02 1 0.000104029 0 0 0 7.64301E-05 1.48528E-06 2.61137E-05
(a)Ettianol(C2H50H) g eq. ethylene 0.89 0.00025939 0 0 0 0.000190541 3.70521E-06 6.5144Ë-05
(a) Acetone (CH3COCH3) g eq. ethylene 0 2 7 353857E-05 0 0 0 2.8903E-05 5.64146E-07 9.91869E-06
(a) Ethylene (C2H4) g  eq. ethylene 1 0.0242285 0 0 0 0.000295758 0.00128797 0.0226448
(a) Propylene (CH2CHCH3) g  eq. ethylene 1.63 0.002122211 0 0 0 0.000115155 0.000108013 0.001899048
(a) Butene (1-CH3CH2CHCH2) g eq. ethylene 1.85 8.9231 IE-05 0 0 0 6.46342E-05 1.32371E-06 0.000023273
(a) Acetylene (C2H2) g eq. ethylene 0.42 0.000464591 0 0 0 22863E-07 2.49866E-05 0.000439307
(a) Benzene (C6H6) g eq. ethylene 0.45 0.000985352 0 0 0 6.60204E-05 4.94753E-05 0.000869859
(a) Toluene (CenSCHJ) g eq. ethylene 0.83 0.000721979 0 0 0 0.000197533 2.82238E-05 0.000496223
(a) Ethyltjenzene (C8H10) g eq. ethylene 1.14 5.49847E-05 0 0 0 3.98286E-05 8.1S646E-07 1.43404E-05
(a) Aromatic Hydrocart>ons (unspecified) g  eq. ethylene 1 2 8 5 0.000187388 0 0 0 0.000137761 2.67074E-06 4.69562E-05
(a) Formaldehyde (CH20) g  eq. etfrylene 0.58 0.000418501 0 0 0 0.000187165 124497E-05 0.000218887
(a) Acetaldehyde (CH3CH0) g  eq. ethylene 1 2 2 0.000179285 0 0 0 0.000130613 Z61934E-06 4.60526E-05
(a) Propionaldéhyde (CH3CH2CHO) g  eq. ethylene 1.6 6.49E-11 0 0 0 9.51E-13 3.44E-12 6.06E-11
(a) Benzaldehyde (C6H5CHO) g  eq. ethylene -0.12 -1.77E-12 0 0 0 -2.59E-14 -9.39E-14 -1.65E-12
(a) Hydrocarbons (unspecified) g  eq. ethylene 0.808 0.711041616 0 2 2 3 2 0 0 0286926152 422631E-05 0.000866128
(a) Hydrocaitwns (except methane) g e q .  ethylene 0.799 0250103779 0 0.001004798 0.058986575 0.106100009 0.004521237 0.079491152
WMO-Photochemical oxidant formation (low)
Total g  eq. ethylene 0262437897 0.0776 0.000245226 0.014395973 0.12168315 2.61E-03 4.59E-02
(a) Methane (CH4) g  eq. ethylene 0 0 0 0 0 0 0 0
(a) Ethane (C2H6) g  eq. ethylene 0.02 0.000843988 0 0 0 0.000505188 1.82329E-05 0.000320566
(a) Propane (C3H8) g  eq. ethylene 0.16 0.00193792 0 0 0 0.000996451 5.06667E-05 0.000890808
(a) Butane (n-C4H10) g  eq. ethylene 0.15 0.000766478 0 0 0 0.000451041 1.69757E-05 0.000298461
(a) Heptane (C7H1S) g  eq. ethylene 0.13 624692E-05 0 0 0 4.54152E-05 9.17775E-07 1.61361E-05
(a) Alkane (unspedfied) g  eq. ethylene 0.114 0.000761878 0 0 0 0.000185638 3.10112E-05 0.000545229
(a) Methanol (CH30H) g  eq. ethylene 0.09 4.45839E-05 0 0 0 327558E-05 626548E-07 1.11916E-05
(a) Elhanol (C2H50H) g  eq. ethylene 0.04 1.1658E-05 0 0 0 8.56364E-06 1.66526E-07 Z92782E-06
(a) Acetone (CH3COCH3) g  eq. ethylene 0.1 1.45873E-05 0 0 0 1.07048E-05 2.08943E-07 3.67359E-06
(a) Ethylene (C2H4) g  eq. ethylene 1 0.0242285 0 0 0 0.000295758 0.00128797 0.0226448
(a) Propylene (CH2CHCH3) g  eq. ethylene 0.75 0.000976478 0 0 0 529853E-05 4.96991E-05 0.000873795
(a) Butene (1-CH3CH2CHCH2) g  eq. ethylene 0.57 2.74928E-05 0 0 0 1.99143E-05 4.07845E-07 7.1706E-06
(a) Acetylene (C2H2) g  eq. ethylene 0.1 0.000110617 0 0 0 7.11024E-08 5.94919E-06 0.000104597
(a) Benzene (C6H6) g  eq. ethylene 0.11 0.000240864 0 0 0 1.61383E-05 12094E-05 0.000212632
(a) Toluene (C6H5CH3) g eq. ethylene 0.41 0.00035664 0 0 0 9.75763E-05 1.39419E-05 0.000245122
(a) Ethylbenzene (C8H10) g eq. ethylene 0.35 1.68813E-05 0 0 0 122281 E-05 2.50418E-07 4.40276E-06
(a) Aromatic Hydrocarbons (unspedfied] g eq. ethylene 0.481 7.01428E-05 0 0 0 5.15666E-05 9.9971E-87 1.75766E-05
(a) Formaldehyde (CH20) g eq. ethylene 0 2 2 0.000158742 0 0 0 7.09936E-05 4.7223E-06 8.3026E-05
(a) Acetaldehyde (CH3CH0) g eq. ethylene 0.33 4.84952E-05 0 0 0 3.53298E-05 7.0851E-07 1Z4568E-05
(a) Propionaldéhyde (CH3CH2CHO) g eq. ethylene 0 2 8 1.14E-11 0 0 0 1.66E-13 6.03E-13 1.06E-11
(a) Benzaldehyde (C6H5CHO) g eq. elhylene -0.82 -121 E-11 0 0 0 -1.77E-13 -6.41E-13 -1.13E-11
(a) Hydrocartwns (unspedfied) g eq. ethylene 0.194 0.170720388 0.0776 0 0 0.092900586 1.1828E-05 0.000207956
(a) Hydrocarbons (except methane) g e q . ethylene 0.195 0.061039095 0 0.000245226 0.014395973 0.025894245 0.001103431 0.019400219
Annex IV
Modules with particular 
relevance to this research
Project Management
Module 2 (part 1)
9“* & 10'" Dec 1996
A project plan for the EngD Research Project titled
Process transfer of gas cleaning technologies for 
gaseous pollutants from industrial processes.
Research Engineer: M.J.Nicholas 
Sponsoring organisation: Lurgi (UK) Ltd
2.1.1 Introduction
In this project plan there will be a discussion of the background to the Process transfer of gas 
cleaning technology for gaseous pollutants from industrial processes, and how this project has 
developed to date. The main aims and goals of the research will be highlighted along with an 
explanation of how these will be fulfilled. Further discussion will focus on the impact the 
project will have on Lurgi (UK) Ltd and the contribution to existing measure for improving 
the environment.
In addition to these sections a Project Calendar and Gantt chart have been produced. These 
can be found at the back of this report along with a structural diagram of Lurgi (UK) Ltd.
2.1.2 Project Background
The project was initiated when Prof. R Clift, who had recognised the strengths of Lurgi and 
was keen to get a Research engineer involved with the company, approached Lurgi (UK) Ltd 
and introduced the engineering doctorate scheme. Over the past few years Lurgi (UK) Ltd 
has seen a rapid growth with many new environmentally based projects, especially in the areas 
of industrial gas cleaning and sewage sludge incineration. The directors of Lurgi (UK) Ltd, 
including the regional director of sales and marketing Mr D.Porter decided that a useful 
project would be to transfer the technology base for gas cleaning equipment (initially for the 
glass industry) from the head office in Frankfurt to Lurgi (UK) in Woking. Along with rapid 
growth Lurgi (UK) is trying to become less dependant on the parent company in Frankfurt 
with the aim of streamlining the operations of the sales and marketing department. This will 
be discussed further in section 2.1.4, Impact of the project on Lurgi (UK) Ltd.
Mr M. J.Nicholas expressed an interest to carry out research (initially a PhD) in the area of 
industrial gas cleaning and found that the Department of Process and Chemical Engineering at 
the University of Surrey was active in this field of research. After contacting the department 
he was invited to meet a number of the people involved with the research, and referred to 
Prof. R. Clift by Adisa Azapagic and introduced to the E n ^  scheme. Shortly after this 
meeting interviews for the project were held and Mr M.J.Nicholas was accepted as the 
research engineer for the project, with Lurgi (UK) Ltd.
2.1.3 Project aims, goals and deliverables
The initial aim was to become familiar with Lurgi (UK) Ltd operating procedures and Lurgi 
AG’s (parent company) processes and organisational structure. This has been achieved by 
examining the company operating procedures, attending the 6 monthly quality assurance 
meeting and examining an existing glass works gas cleaning tender. The next stage o f the 
project is to become familiar with the UK’s glass and associated industrial requirements for air 
pollution control equipment. This is being achieved with a comprehensive literature review 
which involves contacting HMSO for the latest relevant legislation and searching various 
environmental journals and reports to assess the situation with regards European Community 
developments.
The main goal for the first year of the project is to transfer sizing techniques, computer 
programmes and estimating procedures to Lurgi (UK) Ltd. This will be achieved through 
training at Lurgi AG’s headquarters in Frankfurt, Germany. The first o f these training sessions 
is planned for 13* January 1997 and will last approximately 2 months. During this time 
M.J.Nicholas will work alongside engineers in preparing tenders thus gaining on the job 
training. The knowledge will then be brought back to the UK and implemented into Lurgi 
(UK) operating procedures. During the whole procedure M.J.Nicholas will investigate ways 
o f improving the process equipment to make it more commercially competitive and achieve an 
improved environmental efficiency.
It was clear from the start that this may not count as a contribution to knowledge so 
M.J.Nicholas investigated possible areas for research. So far the ideas are to investigate the 
infrastructure o f the glass cycle within the UK (possibly leading on to other components on 
the waste sector) with the aim of highlighting solutions to the problems which face the 
industry concerning new EC Directives on packaging, automotive glass and float glass 
recycling. This will be combined with investigations into waste to energy plants due to be 
examined in the 2"*^ , 3^*^, and 4* years of the project with the aim of boosting Lurgi’s activities 
in these market sectors.
Another target area for research is the use of Life Cycle Assessment (LCA) to examine current 
and suggested techniques for NOx abatement in the glass industries. This would examine 
burners, clean-up technologies and other designs such as electrical furnaces. The results could 
then be used as a basis for other investigations into furnaces utilised on ‘waste to energy’ and 
sewage sludge incineration plant
2.1.4 Im pact of the project on Lurgi (UK) Ltd
The impact o f the research on Lurgi (UK) Ltd will mainly be seen within the sales and 
marketing department. With the transfer of knowledge to the UK the sales department will 
become more self sufficient and will not have to rely as heavily on the engineers in Frankfurt. 
The results o f this will be to streamline the process of preparing tenders (carried out by sales 
and marketing) and make the process more cost effective, as UK engineering is more 
economic than equivalent German costs. However in the immediate future Lurgi AG will still 
hold all the rights to the technology and will still be required to confirm designs. In the future 
Lurgi (UK) Ltd may become totally independent as far as the preliminary design for tenders is 
concerned. A small process engineering group is being established within sales and marketing 
to achieve this.
Another impact on Lurgi (UK) Ltd is that the Research Engineer will become the expert in gas 
cleaning for the glass industry. Currently when a client has a detailed technical question which 
requires detailed technical expertise, the problem is referred to Frankfurt. Due to the present 
high workload delays occur. As the Research Engineer will have a working knowledge of the 
process he will be the first point of contact for any such problems and may be called to 
accompany sales staff on visits to clients premises to facilitate discussions and hence improve 
the chance o f successful contract negotiations. This will, in turn, ensure that the Research 
Engineer acquires highly professional skills and the ‘core competencies' required by the EngD 
programme.
2.1.6 Project Contribution to the environment
Currently the glass industry has little or no gas cleaning equipment installed on its major 
furnaces. Local Authority Air Pollution Control requirements are such that, by the year 2001 
all furnace emissions must comply with the limits set under the Environmental Protection Act
1990. It is estimated that over the next five years some twelve projects will be initiated by the 
clients of Lurgi (UK) Ltd. With the help of the Research Engineer, working within a small 
team, Lurgi (UK) intends to obtain a major proportion o f these contracts.
The contribution to environmental knowledge will come from many areas. Initially it will be 
from introducing the German technological and environmental way o f thinking to the UK. As 
part of this transfer of technology tools such as LCA will be used to examine the technology 
and compare it to suggested ‘clean’ technologies such as oxy-fuel burners and electric 
furnaces. This will ensure that the Best Available Technology (BAT) is used.
The project will also focus on the logistics of glass (and later other waste) recovery and the 
infrastructure required to achieve maximum recycling levels. It is envisaged that this will 
highlight market areas for Lurgi UK within the ‘waste to energy’ sector and solve many of the 
problems facing UK industry.
Throughout the project the Research Engineer will consider the future and anticipate the ever 
changing legislation. The changes being the result o f scientists learning more about human 
interactions with the environment. Hence all future industrial plant installed will operate to the 
highest standards well into the future.
2.1.7 Organisational Diagram
The organisational diagram (figure 1) indicates the position o f the research engineer within 
Lurgi (UK) Ltd. It can be seen that he reports directly to Mr. F.C.Walker, the proposals 
engineer who in turn reports directly to Mr. D.Porter, the regional director o f sales and 
marketing. This position will enable the previously mentioned implementation of design 
methods into the sales and marketing department and allows the research engineer to work 
within the sales team. It is envisaged that the Research Engineer will also consult the 
Engineering group, which deals with successful contracts to ensure that tenders are prepared 
in an approved format and would contain all the necessary client and technical information.
There has been a recent restructuring of the parent company and its relationship with the 
oversees daughter companies. Before Nov/Dec 1996 the daughter companies represented all
sections of Lurgi AG, which consist of groups such as Energy and Environment, Oil Gas and 
Chemicals, Metallurgy etc. The restructuring has meant that the daughter companies now 
only represent one of these companies. In the case o f Lurgi UK it is the environmental group.
2.1.8 G antt C hart
Figures 2 & 3 are the Gantt charts prepared for the project. The initial version (figure 2) was 
prepared by the Research engineer as the working copy. It was prepared using Microsoft 
Excel. It shows all the major events throughout the four years of the project, and highlights 
that research will start to focus on the waste to energy sector at the end of 1997. Further 
training will be required in Frankfurt but this is very much dependent upon the outcome of the 
initial visit so additional training has not been included and will be added at a later date. It 
should be noted that the working times for completion of course work are estimated.
Figure 3 is the same Gantt chart and was produced by the Manager o f the Planning Section of 
the engineering department. This action has initiated departmental minks and provides an 
official basis for the research project, hence it promotes liaison with the engineers in Frankfurt.
2.1.9 Project Year Planner for 1997
The Year Planner produced using Lotus Organiser (figure 4) is the working copy. It 
highlights all major events throughout 1997. As mentioned previously the dates o f further 
training sessions will be fixed after the first visit to Frankfurt once further requirements for 
training are known. Non fixed holidays can then be booked accordingly.
Whilst Lotus Organiser is ideal for use as a computer based system the printed output is 
lacking in clarity. For this reason a more informative version was produced by the research 
engineer using Microsoft Excel (figure 5) which presents all the activities throughout the year 
in a clear format.
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LCA module course work
Life Cycle Assessment (LCA) 
A discussion of the advantages and shortcomings 
of LCA and of the usefulness of LCA software.
Module 2 (part 2)
2.2.1 Introduction
Life Cycle Assessment (sometimes known as Integral Chain Management or an Ecobalance) 
is a powerful tool which can be used by environmental engineers and managers to assess the 
environmental impacts of products, processes or activities. LCA goes further than looking at 
the waste streams from the processing stage as it looks at the entire life of the product or 
service provided, including aspects such as resource depletion, product transportation and 
product end of life, thus ensuring that all environmental burdens are considered. This method 
is referred to as a “cradle to grave” approach.
Clift (1996) cites the ISO 14040 definition of Life Cycle Assessment as:
Compilation and evaluation of the inputs and outputs and the potential environmental 
impacts of a product system throughout its life cycle 
where the life cycle is defined as:
Consecutive and inter linked stages of a product system, from raw material acquisition 
or generation of natural resources to the final disposal.
In his introductory notes Clift (1996) also cites a definition by the Society o f Environmental 
Toxicology and Chemistry (SETAC) which the reader may wish to refer to.
Since its development in the 70’s, the use o f Life Cycle Assessment for environmental 
management has become increasingly popular. LCA is however, still in its developmental 
stages and anyone wishing to use it should have an awareness of the limitations and o f the 
misleading errors which can occur due to ignorant use of LCA software.
This essay discusses the advantages and shortcomings of the LCA approach and the software 
used for Life Cycle Assessments based on the experience gained from the LCA module at the
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University o f Surrey, 11**’ - IS*** December 1996. It also highlights some situations where 
LCA would not be appropriate at all.
2.2.2 W hen to use Life Cycle Assessment
By analysing the LCA approach it can be decided whether LCA is the most appropriate 
method of assessing the environmental aspects for a given study, or whether another tool 
should be used.
The ENDS report 244 (May 1995) discusses draft guidelines drawn up by the Department of 
the Environment for compiling a life cycle inventory of waste management options. In the 
draft it is warned that when devising waste management policies LCA should not be used 
alone. Other tools such as risk assessment and environmental impact assessment should be 
used in conjunction with LCA. However, according to Terry Coleman of the DoE’s Wastes 
Technical Division, LCA is more comprehensive, consistent and transparent and “will give 
you a better answer than any system we have to date”.
Berg et al. (1994) have discussed the uses for LCA. A Life Cycle Assessment is suited to 
situations where one product, process or service is to be compared with another. It can also 
be used to highlight the most polluting stages in a products life so that environmental 
improvement can be focused on these stages. Other environmental tools should be used for 
other problems such as looking at developments to a single process or pollution related to the 
location of a process.
It is clear that whilst LCA is a powerful tool it is not the only one available for making 
environmental decisions. Before carrying out any environmental assessment all the available 
tools should be examined and the best one chosen for the required task. Because of this it is 
important that environmental managers who have a knowledge of all available options are 
involved in making this decision at the start of a project.
Where a comparison is to be made between technological and product alternatives then LCA 
is the ideal tool as it provides a common basis on which the alternatives can be compared,
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and reduces all environmental burdens to a small set of comparable and comprehensible 
environmental issues. These points will be discussed further in the next section.
2.2.3 A Discussion of the LCA methodology
Life Cycle Assessment is based around the ‘cradle to grave’ approach. This is a more holistic 
view to environmental management than the traditional way of thinking and helps the step 
away from clean-up technology towards clean technology and dematerialisation. It makes the 
environmental manager think not only about the process plant he may be dealing with but 
about the effects of the changes upstream and downstream. Above all it is this all 
encompassing environmental philosophy that makes LCA such a powerful tool by ensuring 
that reduced burdens in one stage are not met at the expense of a greater increase in burdens 
elsewhere.
An example using the LCA methodology was covered by a manual calculation exercise to 
discover which method of drying hands is the most ‘environmentally fnendly’. The methods 
considered were using an electric hand drier, using paper towels which were then recycled, 
and using a cotton towel which was washed and reused. Looking at the problem specifically 
from the drying hands point of view many people consider that the cotton or paper towels are 
more environmentally superior as neither require an external energy source and in both cases 
the materials involved are recycled. LCA on the other hand encourages a global approach, 
that is, it looks beyond the action of concern. Even with the crude initial assessment carried 
out it became clear that when the whole life cycle of drying hands was considered an electric 
hand drier is by far the most environment friendly option. The reasons for this are that both 
forms of towel require transport stages (collection and delivery) which are both resource 
draining and polluting. Also, whereas the electric hand dryer simply uses enough energy to 
evaporate a little moisture from the hands, the processing of paper towels requires large 
amounts of water to be evaporated from the pulp and the washing of cotton towels requires a 
lot of water to be evaporated during drying. This example shows that to get a true picture of 
the environmental impacts of a process/service the whole life cycle needs to be considered to 
include amongst other things manufacturing, transport and disposal.
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One of the most important stages in a Life Cycle Assessment is the initial goal definition and 
scoping. It is important that the assessment is clearly defined so that comparisons are made 
on the same basis. The key stage in this definition is deciding upon a functional unit. Clift 
(1996) explains the functional unit as the service or function on which alternative products or 
systems are to be compared. An example of defining the functional unit can be seen by 
looking at the fruit juice industry, and a comparison between glass bottles and 
paperboard/plastic cartons (such a study was carried out during the LCA module). So that a 
comparison can be made it is necessary to find a common basis for this assessment which 
would truly reflect the environmental impacts o f using each medium as packaging. If for 
example the functional unit was chosen as ‘1kg of packaging’ this would not truly represent 
the environmental impacts caused by each material because 1kg of paperboard/plastic would 
be able to package much more fruit juice than 1kg of glass packaging. This would mean that 
although 1kg of paperboard/plastic may produce more emissions than 1kg of glass the 
emissions per container could be less for plastic than for glass. A suitable functional unit in 
this case would be ‘the production and delivery of lOOOlitres of fruit juice’. This gives a 
common function for both containers and is large enough to simplify figures during further 
calculations.
The ability to compare different products which deliver the same service is a major 
advantage of LCA, and it extends the typical way of environmental thinking. Prior to LCA, if 
a product was found to be causing pollution of the environment then attention was focused on 
cleaning up the production of that product. As LCA enables the comparison of totally 
different products and processes it encourages the environmental manager to think ‘is there a 
cleaner product or method of production which I can use to replace the existing one?’. This is 
a major step forward and has seen a development in environmental thinking along with the 
change from clean-up to clean technology.
Scoping is another important part of the goal definition. At this stage the depth of the study 
is stated, including the parts of the products life which are not included in the study with 
justifications for their exclusion. By allowing exclusion of certain parts of the life cycle it 
becomes very easy to simplify a Life Cycle Assessment. For example, if  two process routes
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for manufacturing identical products are to be compared it is not necessary to include any 
information for the life cycle of the product after completion of the manufacturing process. 
This is because the use and disposal of the products will result in identical environmental 
burdens and it is not necessary to quantify these for comparative purposes. Such flexibility in 
the depth of the study makes LCA a very dynamic tool as it can be used to produce 
environmental assessments of ranging complexity from speedy bottleneck analysis to 
in-depth extended life cycle assessments.
There are drawbacks to the flexibility allowed by the functional unit and scoping method. 
One is that it requires the skill of the environmental manager to make all the right 
assumptions and definitions. For example, if  too much of the life cycle is included then data 
collection can become very difficult and the LCA becomes long and time consuming. If too 
little of the life cycle is considered than parts of the process with major environmental impact 
may be omitted and the LCA will not be representative.
Referring back to the case of the hand dryers, human toxicological effects were omitted from 
the study. If these were included then a different picture may emerge. This can be seen in 
many hospitals nowadays where electrical hand dryers are not used because of the conditions 
created which favour bacterial growth. This example highlights how, by introducing one 
extra factor into the scope of the assessment, the results can change dramatically.
Another shortcoming caused by the flexibility of LCA is that it becomes very difficult, if  not 
impossible to compare results from different studies. Quantitatively trends may be compared, 
but qualitative data would most likely have been calculated using different assumptions 
and/or different functional units. As is mentioned above the goal definition drastically effects 
the outcome of the study and two studies using the same data may produce different results 
and be non comparable.
Once the goal definition has been successfully completed the data collection and analysis 
stage takes place, i.e. Inventory Analysis. In this stage a mass and energy balance is 
performed for each of the chosen elements of the product life cycle on the basis of the 
functional unit. These separate balances are then combined to create an Inventory Table
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which lists all resource uses and emissions concerned with providing one functional unit. 
From the inventory table graphs can be produced which show the total emission/usage of any 
given substance in the system. An example of a graph produced after inventory analysis can 
be found in figure 2. This shows the total emissions of NOx, S02, HC&CH4 and Dust due to 
the supply of 1000 litres of fruit juice in virgin glass, recycled glass or laminated cartons.
The Inventory Analysis stage can be very time consuming. If the scope of the project was not 
tightly restricted at the begiiming of the assessment then it can become necessary to collect 
vast amounts of data to complete the mass and energy balances for all parts of the life cycle. 
The problem of confidentiality also becomes an issue. It is highly unlikely that all parts of 
the manufacture, delivery and post use disposal of a product/service will be owned by one 
company. In this case the body/company conducting the life cycle is at the mercy of others to 
supply as detailed a picture of the various sections as possible. In cases where certain items 
can be produced by two different methods it would become difficult to extract detailed 
information from two rival companies, especially of a commercially sensitive nature. From 
this stage of the analysis onwards it should be remembered that the results of the study are 
only as accurate as the initial data collected.
Although the data collection stage can be difficult and time-consuming (not necessarily with 
a well defined scope) it is often very rewarding. If data is available then compilation of the 
mass and energy balances is straightforward, using methods commonly used by process 
engineers. The resulting inventory table gives a comprehensive view of all the environmental 
impacts associated with a product and is compiled using sound, accepted scientific 
techniques. These figures can be easily put into graphical form and emissions of each 
substance (e.g. NOx emissions) can be compared for different systems. The inventory table 
also provides a good starting point for checking the validity of the data as individual pieces of 
information are listed so can be cross referenced with know values.
The next stage of an LCA is impact assessment. At this stage the multitude of emissions and 
resource usage's are compiled to a set of environmental impacts, sometimes called an 
environmental profile. An example of the impacts chosen is cited by Clift (1996) as: Abiotic 
Depletion Potential, Energy Depletion Potential, Global warming Potential, Ozone Depletion
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Potential, Aquatic/Terrestrial Ecotoxicity, Acidification Potential, Human Toxicity, 
Photochemical Oxidation Creation Potential and Nutrification Potential. An example of a 
graph produced by an impact assessment can be found in figure 3. In this case the figures 
have been normalised so that they represent a percentage of the total global burdens for each 
group.
The advantages of reducing the data produced by an inventory analysis to a small set of 
environmental impacts are as follows. Analysis of the raw data in the inventory table would 
be difficult because of the large number of different compounds involved. By reducing the 
number of variables to under ten an instant picture is drawn and can be easily represented by 
graph (a graph of the original inventory table would contain too many variables to give a 
clear picture). The graph is easily understood by all people including environmental 
managers, company managers and people who do not know much about scientific issues. 
Whereas people may not imderstand the significance of one process route emitting less 
methane than another, if this is then described in terms of contribution to global warming the 
data becomes accessible to a large range of people.
During the impact assessment the cumulative effect of different compounds which contribute 
to the same environmental impact is accounted for. Each of the different compounds are 
given weightings on a scientific basis which represent their contribution to the impact of 
concern. This makes it very easy to asses the effects of multi-compound emissions and again 
makes the data more accessible to people with a non-technical background.
Another advantage of impact assessment is that by reducing all the data to a specific set of 
impacts a set of values is provided by which different processes can be compared. Without 
further calculations it would not be possible to compare inventory tables from two different 
processes which emit and use different compounds and resources.
One of the hindrances to the advancement of LCA world-wide is that different groups cannot 
agree on a single set of impacts. This makes it very hard to obtain continuity between 
different assessments. Of course it does no harm to have different pictures painted of the
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same problem (and in some cases looking at the problem with different assessment criteria 
may clarify the situation). However, especially in the case where different LCA’s order 
products/services differently a management team may ask “Which one should we trust? 
Which gives the right answer?”. And it is at this point where personal opinion of the ‘right’ 
answer starts to influence the results depending on which categories have been chosen to 
represent the system and which categories have more importance than others.
Another shortcoming at this stage is that scientific knowledge concerning the interactions 
between different compounds is not yet fully understood. It is not known what additional 
environmental harm can occur when a mixture of chemicals is released to the environment. 
At present it is assumed that there are no interactions and that contributions from various 
compounds are strictly cumulative. However, as considered by the nsca (1996) when 
discussing smog although individually different compounds may have little effect on say 
human toxicity the compound effect may be very harmful, and indeed may effect different 
individuals in different ways. It can be argued that the issue of smog is a localised one which 
is not covered by the LCA approach which deals with mainly with global issues What the 
example does show is that the environment is complex and there are dangers in over 
simplification.
The final stage of a Life Cycle Assessment, Interpretation (or valuation), is the most 
controversial of all, and in some cases it is left to the individual to draw his own conclusions 
from the results of the impact assessment. Methods which include this step attempt to 
allocate different weighting factors or ‘factors of importance’ to the various environmental 
impacts so that they can be directly compared and a single score for overall environmental 
performance awarded. By this stage of the Life Cycle Assessment scientific criteria can no 
longer be considered and the weightings are purely a philosophical decision.
By carrying out a valuation stage and obtaining a single score for environmental performance 
it is very easy to compare different systems which have different environmental profiles. The 
results, using the same set of weighting factors are also consistent and reproducible. 
However, deciding whether an environmental impact is more important than another is a 
matter of individual preference. Berg et al. (1994) suggest that several different
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combinations of weighting should be used and the variability of the results with respect to 
these weightings should be explored. In the example of fruit juice packaging (figures 1-3) it 
was found from the Inventory Analysis and Impact Assessment stages that the order of 
environmental performance was the same for all categories (except renewable resource 
depletion) and laminated cartons were by far the most ‘environment friendly’ option. In this 
situation it was clear that the result of the valuation would not be effected by the weightings 
of the different impacts. This however is a rare case and the decision becomes more difficult 
when there is no individual process which comes out with a better environmental 
performance all round.
As highlighted throughout this section there are many parts of a Life Cycle Assessment 
where decisions are made, for example the scoping stage and the interpretation, which have a 
profound influence on the outcome of the study. It is important that to avoid misleading 
results an LCA should be carried out by an individual (or team) who has both experience of 
LCA and knowledge of the process/product/service under consideration.
2.2.4 The use of computer software in LCA
Once all the data has been collected the processing methods follow set rules, and are very 
numerical. For this reason computer software lends itself to the LCA. There have been 
several programmes written which can be used to make an LCA easy to perform. Two of 
these programmes were introduced during the LCA module. One of them, PEMS (written by 
PIRA) was used for a simple LCA exercise based on fruit juice containers. The other, 
Ecobilan (Ecobalance UK) was for demonstration purposes only.
The main advantage of using the software is that it makes the LCA less time-consuming by 
handling most of the data processing. The data can be entered in by a simple method based 
around creating the process flowchart and specifying the main material flows. An example of 
a process flowchart produced using PEMS is shown as figure 1. The construction of the 
flowchart is very simple with the use of predefined functions. Once the major flows have
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been defined within the flowchart the software completes the balances and compiles this data 
into a tabulated format which is then used to create all the graphical output. Such 
calculations would be very time consuming by hand, but with the computer they can be done 
in seconds.
The LCA programmes available contain data bases which include information concerning 
individual parts of a life cycle. For example the PEMS software contained information on the 
manufacture of glass bottles. This simplifies the data collection process by providing 
standard mass and energy balances for parts of the process which the group carrying out the 
LCA may not be directly involved with so does not have access to such data. As the various 
software packages have been created by different companies/organisations the data bases 
included and the methodology behind them are suited to specific problems. It is helpful to 
choose an LCA package which has been developed with the desired field of assessment in 
mind. With PEMS it is possible to access the data base to discover, to a certain extent, how 
the data was derived. It is also possible to edit the data if it is desired to use a more accurate 
data source.
Whilst the data bases are useful for giving a rough estimate, when considering a more 
detailed Life Cycle Assessment they can become more misleading than helpful. In the case 
of the LCA for fruit juice delivery it was found that transport had little effect on the overall 
emissions/resource usage caused by glass containers. This, as a rough estimate is true as 
glass furnaces use vast quantities of energy (up to 11.2 MJ/kg of glass according to the 
DOE’s energy efficiency office (1994)). However the data given for glass manufacture is 
misleading. The database shows that a lot of the energy comes from electricity. This may be 
true for a small furnace, but the majority of large bottle glass furnaces are fuel oil or natural 
gas fired. The effect of this is to over estimate the energy requirements in the manufacturing 
stage as oil/gas fired glass furnaces have a much higher efficiency (-50% utilisation of the 
resource energy content) than electrically fired ones (-30% utilisation of the resource energy 
content). This example highlights the pitfall of relying blindly on the data provided without 
knowing its background. This is one of the reasons why it is important that, for detailed 
LCA’s the organisation who compiled the data base are the best people to perform the 
assessment as they know the limitations of the data. It can also be concluded that the data is
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treated on a purely linear basis. There are no built in mechanisms to account for economy of 
scale, and in this case scale up sees a change in process from electrical heating to oil/gas 
firing.
As LCA software develops the accuracy of data should improve due to an increasing number 
of LCA’s being performed on different processes. However, as Dr D.Dowdell of Ecobalance 
UK has highlighted confidentiality is a limiting factor to this. It would be helpful if data 
collected for one assessment within Ecobolance could then be used for another, or published 
so that accurate data sets could be produced. Commercial interests prevent this from 
happening and all data and results handled by Ecobalance UK needs to be treated with the 
strictest of confidence. In some cases Ecobalance has been allowed to use typical data, but it 
can be guaranteed that this will not be strictly accurate.
2.2.5 Conclusions
The findings of this report are as follows
• LCA is ideally suited to the comparison of environmental impacts from different 
processes which provide the same service or product.
• The ‘cradle to grave’ philosophy provides the most accurate method of assessing 
environmental impacts. Even when the results of an LCA have a limited accuracy the 
methodology involved can bring to light important environmental aspects and ensures 
improvements in one stage of the life cycle are not met at the expense of other stages.
• An LCA can be either a speedy assessment or can be developed into a detailed study
which makes LCA a very dynamic tool, useful for all levels of analysis.
• The main requirements for a representative LCA are a well considered scope, a
representative functional unit and reliable data. The results of an LCA are only as
accurate as the data used.
• The data produced by a Life Cycle Assessment can be compiled in such a way as to 
give a clear picture of environmental impacts which is readily accessible to people 
who do not have environmental expertise.
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The main limitations of LCA occur due to the classification of emissions into impact 
categories. It has not been universally agreed what these should be nor the relative 
importance of each category. If a category is not considered at all the results can 
become misleading.
Software packages for LCA are an ideal solution to cutting out the time consuming 
data handling stages. They are best put to use when all the data has been collected 
manually and has known validity for the system. The built in data bases should be 
used only with caution.
For a detailed LCA it is recommended that the assessment is produced by people with 
a detailed knowledge of the product life cycle, and if computer database’s are to be 
used, the group whole compiled them should also be involved.
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5.1 Introduction
The glass manufacturing industry is currently going through a period of transition 
with regard to environmental pollution control and measurement. This is as a direct 
result of the regulations which have been passed under the Environmental Protection 
Act 1990 (EPA90). This analysis focuses on the measurement issues relating to 
pollution control in the glass industry, and more specifically the quantification of 
particulate emissions from glass furnaces.
5.2 Emissions within the glass industry
The pollutants from glass manufacturing processes are mainly released to atmosphere. 
They occur from the combustion of fuels (oil or gas) to heat and melt the raw 
materials and from the evolution of gases and particulates from the glass melt itself. 
Typically, the volume of waste gas created in the process is 2500 Nm^/tonne of glass 
(DOE, 1994) and has a composition as shown in Table 1.
Table 1. Waste gas composition for typical UK furnaces - Combined emissions from 
furnace firing and glass melt reactions. (DOE, 1994)
Component Concentration 
Gas-fired* Oil-fired*
Nitrogen (N]) % 73.6 76
Carbon dioxide (CO]) % 6 . 8 9.1
Oxygen (0]) % 6.1 7.4
Water (H]0) % 13.2 7.2
Oxides of nitrogen (as NO]) mg/Nm^ 2400 2 1 0 0
Oxides of sulphur (as SO]) mg/Nm^ 850** 3800
Hydrogen chloride (HCl) mg/Nm^ 30** 30**
Hydrogen fluoride (HE) mg/Nm^ 8 ** 8 **
Particulate matter mg/Nm^ 130** 150**
* * Mostly produced by the glass melt and < 0.2pm diameter (within PM] 5).
To enable sufficient depth of assessment, this report will focus soley on the 
particulates emitted from the process, including any particulates which may be 
introduced in down-stream gas cleaning equipment. However, when choosing a 
suitable sampling strategy consideration should be given to the properties of the entire 
gas stream, including other polluting substances.
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The particulates in the waste gas released to atmosphere originate from two sources. 
The first source is the furnace itself. According to the DOE (1994), 90% of 
particulates emitted from the furnace are formed due to resublimation of saltcake 
(Na2S0 4 ) which has been volatalised from the glass melt. As shown in figure 1, these 
particulates are extremely fine, and are often described as a fume.
Figure 1. Distribution of dust contained in glass furnace waste gases. (Lurgi, 1993)
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The second source of particulates may arise from the legislative requirements to 
install process plant to remove acidic compounds from the flue gas. Of the possible 
end-of-pipe technologies used for the reduction of emissions from glass furnaces it 
has been suggested by Goode et al (1996) that the Best Available Technology Not 
Entailing Excessive Cost (BATNEEC) for dust and acid gas removal consists of dry 
sorbent injection followed by a reaction tower and electrostatic precipitator.
Figure 2. Flue gas cleaning by dry absorption (Goode et al, 1996)
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The gas cleaning system shown in figure 2 requires the injection of a sorbent, 
typically lime. This is in the form of a dry powder and has a size distribution as given 
in table 2 .
Table 2. Typical size specification for lime, (lime suppliers, 1997)
% passing in sieving diameter (^im)
1 0 0 1 0 0
95 75
50 7
The alkali fumes from the furnace (d^o — 0.06pm) and the lime sorbent (d^o — 7pm) ' 
are removed using electrostatic precipitation to meet the required emission limit for 
total particulate matter.
5.3 Legislative requirements for particulate monitoring
Before it is possible to decide upon sampling equipment and strategy it must be asked, 
‘why do particulate emissions need to be measured and what information is required?’ 
For glass manufacturing processes the main reason for monitoring particulate 
emissions is to provide evidence of compliance with the applicable legislation. Under 
EPA90 the Secretary of State has produced a guidance note for glass (excluding lead 
glass) manufacturing processes. Included in these notes are the following 
requirements for particulate monitoring:
Emissions from combustion processes should in normal operation be free from visible smoke 
and in any case should not exceed the equivalent o f  Ringlemann Shade 1 as described in BS 
2742:1969. Visual assessments o f  emissions should be made frequently and at least once a day. 
The concentration o f  total particulate matter should not exceed 100 mg/m^ expressed at standard 
conditions (273 K, 101.3 kPa) and normalised to 8% oxygen content measured dry.
Particulate matter should be continuously monitored by, for example, optical density 
measurement or particle impingement techniques. The instruments should be checked daily and 
calibrated at least annually.
A summary o f  continuous emissions monitoring results should be forwarded to the local 
enforcing authority at least once every 6 months. In any case where the emission measurement 
exceeds the concentration limits specified, the results should be forwarded to the local enforcing 
authority.
The reference test method for particulate matter emissions in chimneys or ducts is that o f  British 
Standard BS 3405: 1983 and tests should be carried out according to the main procedural 
requirements o f  this standard. Alternative methods o f  testing are acceptable by agreement with 
the local enforcing authority.
The height o f  chimneys and vents from plant should be assessed on the basis o f  estimated 
ground level concentrations taking account the relevant air quality standards.
99
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The guidance notes highlight three areas where particulate matter data is required: 
visual assessment, compliance with air quality standards and mass emission rate from 
stack.
5.3.1 Visual assessment
Visual assessments, based on the use of the Ringelmann Chart, should be made at 
least daily. This is very much a qualitative assessment. The observer is required to 
compare the darkness of the smoke at the top of the chimney with standard shades of 
grey on a chart (National Society for Clean Air and Environmental Protection 
(NSCA), 1996). The advantages of this method are the low cost (no expensive 
monitoring equipment), its simplicity, instantaneous results and no chance of 
monitoring equipment failing. Moreover, the assessment can easily be understood by 
lay people who appreciate a process that has no visible particulate emissions. The 
disadvantages are that, to gain good results, the observer needs to be experienced in 
assessing stack emissions, and results are subjective and dependent on weather/light 
conditions and personal interpretation. Visual assessment cannot be used to guarantee 
mass emission limits as small variances in particulate quantity can go unobserved and 
low levels are not visible. Additionally it is not practical to continuously observe the 
emissions, so additional monitoring is required
5.3.2 Air quality standards
Industry is expected to play its part in meeting the standards set by recent air quality 
regulations and so an integral part of industrial pollution control is to ensure that 
emissions from a process meet these limits. For particulates, ground level 
concentrations must not exceed 50pgW. An estimation of the probability that the air 
quality standard will be breached can be calculated at a relative low cost using 
dispersion modelling techniques based on information such as mass emission of 
particulates, plume buoyancy, meteorological conditions, local topography etc. 
Modelling methods however, are subject to large sources of error, so the only viable 
method for checking compliance is to use ambient air sampling. It is not practical to 
monitor air quality around a plant on a continuous basis as, due to varying wind 
direction, this would require an infinite number of sampling points in the area 
surrounding the chimney and due to the low concentrations the equipment required for
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such sampling is expensive. Compliance with air quality standards from a point 
source is usually checked using portable sampling equipment to assess the ambient 
concentrations at points surrounding the source to determine the maximum 
concentrations. Whilst this form of measurement can warn of local spots where the 
air quality may be hazardous to health, the system does not give an indication of the 
overall emissions. For example, under certain atmospheric conditions the plume from 
the stack may be carried long distances and pollutants greatly diluted before they 
reach ground level. A measurement under these conditions may indicate that the 
particulate concentration is low whilst the actual release to the environment could be 
high.
5.3.3 Particulate mass emission rate
The preferred method of controlling particulates from industrial plant is to monitor the 
mass emission rate from the stack. The use of normalised emission measurements 
provides a method by which emissions from different sources can be compared, 
independently of factors such as plant location and weather conditions and 
independently of the waste gas properties. This allows definite limits to be specified 
so that processes either do or don’t comply, thus removing the subjectivity of visual 
assessments and the variability of air quality standards.
To gain a representative sample of the waste gas a great deal of thought needs to be 
given to a) the sampling strategy b) the type of instruments and the certainty of the 
results gained and c) the degree of system perturbation caused by the measurement 
method. These points are discussed in the next section.
5.4 Measurement of the particulate mass emission rate
5.4.1 Sampling strategy
The first point to note is that the particulate emission rate is expressed as mgW of 
waste gas. This requires monitoring prior to the waste gas being released to 
atmosphere, thus prior to any dilution. In the case of glass furnaces with additional 
abatement equipment, the monitoring equipment needs to be located downstream of 
the precipitator, thus either in the chimney or in the ducting leading to the chimney, 
ensuring that the measurements represent what is being released to atmosphere. The
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Technical Guidance Note (monitoring) Ml (HMIP, 1993a) discusses further the 
requirements for positioning particulate monitoring equipment ensuring that the most 
representative sample is obtained. An example of these considerations is that 
monitoring equipment should be placed sufficiently far downstream of equipment or 
bends in ducting to allow a uniform velocity profile to form in the duct. 
Additionally, monitoring should wherever possible be carried out in vertical sections 
of duct to avoid gravitational effects on the particulates. Ignoring such considerations 
can lead to unrepresentative results. Monitoring equipment should also be positioned 
so as to allow access for calibration purposes.
To standardise the measurements all results must be normalised. Thus, measurement 
of gas temperature, pressure and oxygen content is required in addition to particulates.
The next stage in defining the sampling strategy is choosing how the particulates will 
be measured. That is, what type of monitoring system will be used. For some 
compounds it is possible to indirectly estimate the concentrations of substances in the 
waste gas based on information such as fuel flow, operating temperature and raw 
materials content using a software based predictive monitoring system (PEMS). For 
Particulates in glass furnaces it is not possible to accurately model their concentrations 
so direct monitoring is required. There are two options for direct monitoring. 
Continuous Emissions Monitoring Systems (GEMS) or Stack Sampling. A 
comparison of the two approaches is given in table 3 .
Table 3. GEMS vs Stack Sampling (Walker, 1996)
GEMS Stack Sampling
• One Sample at least every 15 minutes
• Limited number of gases can be measured
• Provides a reliable indication of pollutants 
being released into the atmosphere on an 
ongoing basis
• One sample one or more times a year
• A larger range of gases can be measured
• Gan provide an estimate of pollutants 
being released into the atmosphere on an 
ongoing basis
For processes prescribed under EPA90, of which glass manufacturing is one, 
historical records must be kept to prove continual compliance with emission limits. 
The Institute of Chemical Engineers (1994) write that a GEMS is the preferred method
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(i.e. BATNEEC) of the regulatory bodies and indeed a CEMS provides an ongoing 
assessment capability for confirming compliance whereas stack sampling does not.
5.4.2 Instrumentation, calibration and certainty
There are several types of equipment which can be used for a CEMS. To decide on 
which is most suited to this application the characteristics of the waste gas have to be 
assessed alongside the reported cost and capabilities of the instruments. A summary 
of the waste gas properties is given in table 4, whilst a summary of particulate 
monitoring equipment is given in table 5.
Table 4. Waste gas properties
Temperature °C 300 - 400 Medium*
Gas flow rate Nm^’/hr 30,000- 100,000 Medium*
Particulate loading mg/Nm^ 30 - 200
Particulate size d^g pm fume = 0.06 and sorbent = 7
• with respect to low, medium, high scale used in table 5
It is expected that the particulate loading rate will be in the region of 50 mg/Nm^. 
This allows for operation well within EPA90 limits and anticipates future, stricter 
limits as a result of European environmental legislation. The maximum particulate 
load is in the region of 150 mg/Nm^. Although there are higher concentrations of 
sorbent than this, at no time will sorbent injection occur when the precipitator is 
switched off. Therefore the highest concentrations occur when the cleaning system is 
bypassed.
The three types of equipment to consider for particulate monitoring are:
• Transmissometers - a light beam is passed across the stack or duct. The percentage 
of light obscured by dust is monitored and then converted to a mass measurement.
• Beta attenuation measurement - a sample of gas is taken from the duct and passed 
through a filter paper. Betta particles are passed through the paper, the attenuation 
of these are monitored and converted to a mass measurement.
• Tribo-electric - a detector probe is inserted into the gas stream and the current 
created when particles hit the probe is converted to a mass measurement.
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Table 5. Monitoring equipment (HMIP, 1994 & monitoring equipment suppliers, 
1997)
Transmissometers Beta attenuation Tribo-electric
Monitoring method in-situ, cross stack extractive, point in-situ, point
Dust read out continuous real time time averaged over continuous real time
sampling time
Gas temperature low - high low- medium low
Dust load mg/Nm"" 1 0 - 2 0 0 0 2 - 2 0 0 0 can be much less
(ideal for <1 0) than 1
Gas flow Nm^/hr medium - high low - high low
Cost (approximate) £6 , 0 0 0 £30,000 -
Tribo electric systems are not suitable for this application because they cannot be used 
at sufficiently high temperatures. In addition they are suited to much lower dust 
concentrations. Beta attenuation systems could be used, however they are far more 
expensive than transmissometers making them less attractive. Transmissometers fulfil 
all the requirements (including real-time, continuous concentration read outs) at a 
relatively low cost. It should be noted that if future legislation requires lower 
emission limits (<10 mg/Nm^) then equipment other than transmissometers may have 
to be used.
For all equipment HMIP (1994) report that precision is relatively high. For example, 
transmissometers have a precision of around 2%. A factor which is more imoprtant 
than precission is calibration, as this has a large impact on the accuracy of the 
measurements. For all the above systems the equipment monitors a property which is 
related to the particle load. Through calibration this property is converted to a mass 
per unit volume measurement. A high precision instrument, if calibrated poorly, can 
be misleading.
There are two British Standard methods for measuring particulates when calibrating 
instruments. Both methods rely on taking point samples from the gas stream and 
passing them through equipment which measures the mass of particles and quantity of 
gas. To ensure that the measurement is representative several isokinetic 
measurements are made across the cross section of the duct. HMIP (1994) suggest
M.J.Nicholas 27/08/97
Environmental measurement
that it is important to sample isokinetically when there are particles >5 iim, as in this 
case (larger particles may not follow the gas flow into or around a nozzle).
Table 6. Main differences in the standards for particulate sampling (British Standards 
Institution, 1978 & 1983)
BS 3405:1983 BS 893: 1978
Expected accuracy no 
greater than
± 25% ± 1 0%
No of sample points 4 or 8 4 to >40
Minimum particle 
collection requirements
particle size % collection 
pm efficiency 
>20 >98 
10-20 >96 
5 -10 >90 
1-5 >60
particle size % collection 
pm efficiency 
>5 >99 
1-5 >98 
0.5 -1 >96 
<0.5 >90
The greater accuracy for BS 893: 1978 is reported to be due to the larger number of 
sample points required across the duct. Other sources of uncertainty for both methods 
include temperature measurement ± 5%, flow measurement ± 5%, weighing ± 1%, 
transducers ±1% etc. (British Standards Institution, 1978).
The guidance notes for glass processes state that BS 3405 is sufficient for calibration 
of equipment. Using this method to calibrate a CEMS could lead to a systematic error 
in the readings of up-to 25% (chance may give a more accurate calibration). It also 
seems odd that this standard is recommended when it is considered that a large 
quantity of the particles are in the sub micron size range. This consideration will 
become more relevant as emission limits are reduced and the fine fraction represents a 
higher proportion of the total dust load. It is the authors opinion that BS 893: 1978 is 
more suitable for calibration purposes, giving a greater accuracy and measuring over 
90% of the sub micron fumes. The disadvantage in using this method is that taking a 
larger number of samples requires a lengthier procedure with increased man-hour 
costs.
5.4.3 System perturbation
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An in situ, cross stack transmissometer which is built in to the walls of a duct or stack 
will have little effect on the large flow of waste gas. However it is important to 
consider the effect of the calibration equipment. Because such equipment is only used 
periodically it is not built into the duct; sampling points are provided. During 
sampling these points are opened to allow insertion of the sampling nozzle which 
causes ambient air to ingress into the duct. Because of this it is important to site 
calibration points close to, but down stream of the CEMS so that they cause no 
interference with the gas monitoring.
5.5 Summary and further considerations
This analysis has highlighted the options available for monitoring particulate 
emissions from glass furnaces. They can be assessed visually or by measuring ground 
level concentrations or by measuring concentrations in the waste gas. When 
measuring waste gas concentrations a continuous system is preferable and 
transmissometers provide the most cost effective system. The accuracy of the 
measurements depends heavily on the calibration of the measuring instruments. It is 
recommended that the more accurate method, BS 893 is used as opposed to BS 3405 
when calibrating instruments as this is more suited to sub micron particles.
Throughout this discussion the units of measurement for the particulate emissions 
have been mass per unit volume of waste gas, as required by legislation. In the future 
other units may be introduced such as mass per mass of glass produced. This would 
encourage the overall reduction of emissions. For example, a technique which 
reduces the volume of gas produced thus reducing the overall mass of particulates 
may increase the particulate concentration. Another measurement system being 
suggested for use in France measures the dust as mass per volume of container being 
produced. Using such a system would again encourage overall reduction of emissions 
by encouraging options such as lightweighting of products (using less glass to 
package the same volume of material).
Other developments have been focusing on the size of the particles. Currently they 
are measures as mass of total particulates. However, as medical evidence suggests, 
especially below PMio or PM2.5 it is more important to count the number of particles
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rather than their weight and to assess the particle size distribution. (The Institute of 
Chemical Engineers, 1997).
These final points have been raised to highlight that there are more sides to 
environmental measurement than measuring mass emission rates. On top of all the 
points discussed previously the debate continues; ‘which is the best way to measure 
the particulates?’ and ‘which provides the greatest protection of the environment?’
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1.0 Executive Summary
1. This recommendation document has been produced by the Safety, Health and Environmental 
(SHE) committee of Lurgi (UK) Ltd as a result of discussions concerning the various options for 
environmental management within the company. The recommendation is based upon a 
discussion document previously circulated amongst members of the SHE committee and upon the 
decision reached by the SHE committee at ifs meeting of Thursday 25* February 1999. 
Appended to this document is a detailed breakdown of the costs associated with ISO14001 
certification.
2. To enable an informed decision to be made with respect to environmental management within 
Lurgi (UK) Ltd this recommendation document introduces the basic concepts involved with 
environmental management, including the environmental policy statement and an EMS, and more 
specifically the requirements of IS014001. Some of the possible impacts on Lurgi (UK) Ltd are 
considered along with the necessary modifications to the existing Safety, Health and 
Environmental policy.
3. It has been recognised that there are growing pressures from clients for suppliers to 
demonstrate a commitment to the environment. This is evident from the increased number of 
requests for environmental policy statements. Because the Lurgi (UK) Ltd SHE policy is totally 
Health and Safety oriented the company does not have a specific environmental policy statement 
or an EMS and thus cannot sufficiently demonstrate a commitment to the environment. This 
situation may become disadvantages to Lurgi (UK) Ltd. In the near future, certification to a 
recognised EMS standard could be a prerequisite for many major contracts.
4. There are currently two standards available to which a company can gain certification and thus 
demonstrate its commitment to environmental management: the international standard, ISO14001 
and the European Eco-Management and Audit Scheme (EMAS). It was concluded that, because 
of EMAS's focus on manufacturing/process oriented companies and its limited uptake in the UK, 
EMAS is deemed currently unsuitable for Lurgi (UK) Ltd and that any attempt to develop a 
certified EMS should focus on ISO14001.
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5. The key requirements of IS014001 are noted as:
a) A commitment, in the environmental policy statement, to compliance with applicable 
legislation and regulations, and;
b) A commitment, in the environmental policy statement, to both prevention of pollution and 
continual improvement (improvement of the EMS/policy and of the company's 
environmental performance with respect to its activities, products and services), plus;
c) The development of a structured set of procedures (the EMS) that ensures regulatory 
compliance, pollution prevention and continual improvement.
6 . In addition to gaining access to markets that require an EMS certification, other benefits of 
ISO14001 include: reducing environmental liability and risk (including the possibility of reduced 
insurance premiums); ensuring awareness of rapidly developing environmental legislation and; 
keeping one step ahead in the market for 'clean technologies'. In order to proceed with EMS 
development these benefits need to outweigh the costs of implementing the EMS, gaining 
certification and the running costs associated with an audit based management system.
7. In the future there is likely to be increasing pressure placed on companies, both through the 
supply chain and via legislation, to demonstrate commitment to environmental management. In 
addition, there is a growing need for companies to assess both liabilities and opportunities within 
the complex network of environmental legislation. These issues are likely to drive an increased 
use a formalised EMSs. Future developments in the ISO14000 series will aim to integrate 
environmental management Avith quality management (IS09000 series) and will also aim to make 
environmental management more appealing to SMEs through reducing and clarifying jargon and 
making the standard easier to implement.
8. This decision is based upon the key drivers for development of an EMS within Lurgi 
(UK) Ltd and the associated costs. Due to increasing requests from clients for 
demonstration of environmental commitment and an increasing quantity of environmental 
legislation there is a clear need for Lurgi (UK) Ltd to revise its environmental management 
procedures. The SHE committee recommends the development and implementation of a 
formal EMS as an integrated part of the SHE management system. The SHE committee 
also recommends that Lurgi (UK) Ltd should aim to achieve certification to IS014001 
within two years of being granted senior management approval for an EMS, thus providing 
tangible evidence of commitment to environmental management.
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2.0 Managing for the Environment
9. It is considered by many that a company's environmental performance (and the 'way that this is 
perceived by the various stakeholders related to the company) should be managed vsnth the same 
efficiency as all other business issues. Due to the increasing uptake of formalised management 
systems there are now growing pressures for companies along the supply chain to also 
demonstrate a commitment to the environment. This can come through requests for 
environmental policy statements or through the requirement for more detailed descriptions of 
environmental management procedures. In the near future, certification to a recognised EMS 
standard could be a prerequisite for many major contracts.
10. There are currently two standards available to which a company can gain certification and 
thus demonstrate its commitment to environmental management: The international standard, 
ISO14001 and the European Eco-Management and Audit Scheme (EMAS). It should be noted 
that EMAS is currently designed for use by manufacturing/process oriented companies (although 
there are proposals to widen this scope). Moreover, of the two standards, ISO14001 has by far 
the greatest uptake in the UK. For these reasons EMAS is deemed currently unsuitable for Lurgi 
(UK) Ltd and this document will focus only upon the requirements of ISO14001. Should it 
become necessary to gain EMAS certification in the future there are bridging documents 
available to simplify EMAS certification. In addition, the two standards, ISO14001 and EMAS 
are likely to move closer in their requirements as they are developed.
11. According to ISO 14001, the basis for environmental management is the development and 
publication of an environmental policy statement that is supported by an EMS. The policy 
statement sets out the organisation's intentions and principles in relation to its overall 
environmental performance and provides a framework for action and for setting of the 
organisation's environmental objectives and targets. The Environmental Management System 
(EMS) forms the part of the overall management system that includes organisational structure, 
planning activities, responsibilities, practices, procedures, processes and resources for developing, 
implementing and maintaining the environmental policy.
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3.0 Introduction to IS014001
From http://www.quality.co.uk/quality/isol4000.htm and B S  E N  IS O 14001 : 1996
12. After the success of the IS09000 series of quality standards, the International Standards 
Organisation has published a comprehensive set of standards for environmental management - the 
ISO14000 series. This series of standards is designed to cover the whole area of environmental 
issues for organisations in the global marketplace.
Standard Title / Description
14000 Guide to Environmental Management Principles, Systems and Supporting 
Techniques
14001 Environmental Management Systems - Specification with Guidance for
Use
14010 Guidelines for Environmental Auditing - General Principles of 
Environmental Auditing
14011 Guidelines for Environmental Auditing - Audit Procedures-Part 1 :
Auditing of Environmental Management Systems
14012 Guidelines for Environmental Auditing - Qualification Criteria for 
Environmental Auditors
14013/15 Guidelines for Environmental Auditing - Audit Programmes, Reviews &
Assessments 
14020/23 Environmental Labelling
14024 Environmental Labelling - Practitioner Programs - Guiding Principles,
Practices and Certification Procedures of Multiple Criteria Programs 
14031/32 Guidelines on Environmental Performance Evaluation
14040/43 Life Cycle Assessment General Principles and Practices
14050 Glossary
14060 Guide for the Inclusion of Environmental Aspects in Product Standards
13. Of all the standards listed above it is ISO14001 that specifies the requirements of the EMS 
and environmental policy statement. It should be recognised that flexibility within these 
standards allows companies to adopt very different EMSs and environmental policy statements 
(and to have different environmental performances) whilst all being compliant with ISO14001.
14. The key requirements of ISO14001 are:
a) A commitment, in the environmental policy statement, to compliance with applicable 
legislation and regulations, and;
b) A commitment, in the environmental policy statement, to both prevention of pollution and 
continual improvement (improvement of the EMS/policy and of the company's 
environmental performance with respect to its activities, products and services), plus;
c) The development of a structured set of procedures (the EMS) that ensures regulatory 
compliance, pollution prevention and continual improvement.
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15. The structure of an ISO14001 certified EMS is based on a cyclical model, as shown below.
Management
Commitment
Preparatory
Review
IS014001
Environmental
Policy
PlarmingManagement
Review
Checking and 
Corrective Action
Implementation and 
Operation
Figure 1 : Entering the IS014001 cycle and its main requirements
16. Once managerial commitment to ISO14001 has been gained it is necessary to carry out a 
preparatory or initial review, prior to entering the main cycle. Whilst this is not a specified 
requirement of ISO14001 it will aid transition to the standard and examination of this data will 
provide an external audit with a wealth of information on the methods adopted by the company. 
The preparatory review should be comprehensive in consideration of input, processes and output 
at the site(s). This review should be designed to identify all relevant environmental aspects that 
may arise firom existence on the site(s) and products/services generated. These may relate to 
current operations, they may relate to future, perhaps even unplanned future activities, and they 
will certainly relate to the activities performed on site(s) in the past (i.e. contamination of land). 
The initial or preparatory review will also include a wide-ranging consideration of the legislation 
that may effect the site(s), whether it is currently being complied with, and perhaps even whether 
copies of the legislation are available. Many of the environmental assessments undertaken 
already have highlighted that companies are often unaware of ALL of the legislation that affects 
them, and being unaware, are often not meeting the requirements of that legislation.
17. IS014001 requires an Environmental Policy to be in existence within the organisation, fully 
supported by senior management, and outlining the policies of the company, not only to the staff
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but to the public. The policy needs to clarify compliance with environmental legislation that may 
effect the organisation and stress a commitment to continuous improvement. Emphasis has been 
placed on policy as this provides the direction for the remainder of the Management System.
18. Those companies who have witnessed IS09000 Assessments will know that the policy is 
frequently discussed during the assessment, many staff are asked if they understand or are aware 
of the policy, and any problems associated with the policy are seldom serious. The 
Environmental Policy is different. This provides the initial foundation and direction for the 
Management System and will be more stringently reviewed (by certifiers/auditors) than a similar 
IS09000 policy. The statement must be publicised in non-technical language so that it can be 
understood by the majority of readers. It should relate to the sites within the organisation 
encompassed by the Management System, it should provide an overview of the company’s 
activities on the site(s) and a description of those activities and provide a clear picture of the 
company’s operations.
19. During the planning and implementation stages of the cycle the company will declare its 
primary environmental objectives - those that can have most environmental impact (those 
identified in the preparatory review plus further issues identified in latter years). In order to gain 
most benefit these will become the primary areas of consideration within the improvement 
process, and the company’s environmental programme. The programme will be the plan to 
achieve specific goals or targets and describe the means to reach those objectives such that they 
are real and achievable (including identification of resources and a time frame for achievement). 
The Environmental Management System provides further detail on the environmental 
programme. The EMS establishes procedures, work instructions and controls to ensure that 
implementation of the policy and achievement of the targets can become a reality. 
Communication is a vital factor, enabling people in the organisation to be aware of their 
responsibilities, aware of the objectives of the scheme, and able to contribute to its success.
20. As with IS09000 the Environmental Management System requires a planned comprehensive 
periodic audit of the Environmental Management System to ensure that it is effective in 
operation, is meeting specified goals, and the system continues to perform in accordance with 
relevant regulations and standards. The audits are designed to provide additional information in 
order to exercise effective management of the system, providing information on practices which 
differ to the current procedures or offer an opportunity for improvement.
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21. In addition to audit, there is a requirement for Management Review of the system to ensure 
that it is suitable (for the organisation and the objectives) and effective in operation. The 
management review is the ideal forum to make decisions on how to improve for the future.
22. Finally it is worth considering that ISO14001 shares common management system principles 
with the IS09000 series and that an existing management system, which is compliant with 
IS09000, can be used as a basis for an EMS. (ISO Technical Committee 176, which works on the 
IS09000 series of quality management standards, and Technical Committee 207, which is 
responsible for the 14000 series on EMS, are continuing efforts to co-ordinate their activities).
4.0 Specific issues concerning Lurgi (UK) Ltd
23. The current Lurgi (UK) Ltd Safety, Health and Environmental Policy is based upon the 
management system requirements of IS09000 and ISO14000. Whilst this has ensured that much 
of the framework for an EMS is aheady in place (e.g. procedures and delegation of 
responsibilities), the SHE policy/management system itself is principally focused on Health and 
Safety. Because of this, the current SHE policy and procedures do not demonstrate a satisfactory 
commitment to the environment. There is a clear need for Lurgi (UK) Ltd to rectify this situation 
through developing an EMS and thus demonstrating environmental credibility.
24. In considering adoption of an EMS, key issues that must be addressed by Lurgi (UK) Ltd 
include:
a) A greater emphasis within the SHE policy statement on environmental performance, 
including a commitment to both legislative compliance and continual improvement.
b) The identification of Lurgi (UK) Ltd's key environmental impacts and the establishment 
of indicators and time-based targets to demonstrate compliance and continual 
improvement. This process needs to be included formally within the EMS.
c) The identification of a manager responsible for environmental affairs and the development 
of staff training programmes. In particular this manager should implement the EMS and 
develop environmental programmes for all Lurgi (UK) Ltd sites.
d) The publication of SHE policies, objectives and results to staff and possibly to the public 
(publication to the public could be via the Lurgi web site).
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25. With respect to Lurgi (UK) Ltd's environmental impacts and the subsequent indicators and 
targets, figure 2 demonstrates possibilities for the division of activities and identification of 
possible indicators for impacts. It will be necessary to identify all impacts before being able to 
choose which of these are significant impacts and thus which will be used to demonstrate 
continual improvement.
Figure 2: A possible division of Lurgi (UK) Ltd's activities including possible indicators of 
impacts.
Lurgi (UK) Ltd
Active Office Plant Use/Decommissioning
Construction Based (impacts based on plant
Sites Activities design/risk assessments)
Waste __Energy
Generated Consumption
__Energy __Water
Consumption Consumption
__Complaints Sales/Other
Received Mileage
Pollution Waste
Incidents Generated
Design Materials 
Use and Recovery*
Hazardous Substances 
for Disposal
Impacts of Plant 
Use, +ve/-ve
— Integration of Design 
for Environment
* It should be noted that developing Producer Responsibility legislation may, in the 
future, make Lurgi (UK) Ltd responsible for the take-back of electronics goods and 
other plant materials.
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26. Issues that are specific to Lurgi (UK) Ltd, which should be considered at the initial review 
stage, include:
a) Many companies opt to register individual sites under IS014000. However, this is not 
compulsory and in the case of Lurgi (UK) Ltd with sites of relatively short life spans 
would be undesirable. It would be preferable to make Lurgi (UK) Ltd as a whole 
compliant and develop site-specific environment programmes to achieve overall targets.
b) Due to the fluctuating nature of Lurgi (UK) Ltd's workload it is probable that the 
company's environmental impacts will also fluctuate. Measurement of environmental 
impact (by environmental indicators) and subsequent targets and objectives need to take 
this into account by utilisation of normalisation techniques.
c) ISO14001 covers not only the organisation's activities, but its products and services. 
Many of the products of Lurgi (UK) Ltd (i.e. completed plants) will have a positive 
environmental impact (e.g. gas cleaning plant can reduce environmental impact). This 
should be taken into consideration. In addition, the EC's Polluter Pays Principle leading to 
layers of Producer Responsibility is placing increasing liability for pollution on those who 
design and supply goods. The aim of this is to encourage protection of the environment at 
the earliest stages in a product's Life Cycle (Design for Environment). It must be 
considered how much influence Lurgi (UK) Ltd has over the design of plants.
d) Implementing monitoring procedures and achieving improvements in environmental 
performance will require co-operation with other companies. For example the building 
managers at Duke's Court or subcontractors/clients at site. It must be considered to what 
extent these issues are within the control o f Lurgi (UK) Ltd.
5.0 Costs and Benefits of adopting an EMS
27. When adopting an environmental policy statement and an EMS it is necessary to discuss both 
the associated costs and the benefits. What has Lurgi (UK) Ltd got to gain firom adopting an 
EMS and at what cost?
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28. The SHE committee has discussed the benefits from adoption of an EMS. Listed in order of 
importance (as identified by the SHE committee) these include:
a) Access to market areas which require EMS certification
b) Reducing environmental liability and risk (including the possibility of reduced insurance 
premiums)
c) Ensuring awareness of rapidly developing environmental legislation
d) Keeping one step ahead in the market for 'clean technologies'
e) The ability to demonstrate environmental commitment to all stakeholders
f) Identifying cost saving areas for reduction in energy use and material consumption
g) Improvements in the environmental performance of the organisation
h) General improvements in the performance o f the organisation.
i) Improved staff morale - the environmental feel good factor
29. Against these benefits must be weighed the costs o f implementation and maintenance of the 
EMS. A full breakdown of these costs can be found in the appendix. They include:
a) Man-hour costs for EMS/policy development
b) Training costs to develop the necessary in-house expertise
c) Possible consultancy costs for EMS/policy development
d) Auditors costs
e) Man-hour costs for maintaining the EMS/policy
f) Certification costs
g) Costs of production of documentation
h) Expenditures for implementing change in environmental performance (could be 
outweighed by gains, e.g. energy efficiency and reduced material disposal costs).
30. It is probable that due to the nature of Lurgi (UK) Ltd's business, any financial savings from 
material and energy efficiency will be small (compared with those that can be gained from a 
manufacturing installation), and thus unlikely to make the EMS cost efficient in their own right 
(although a full assessment would be required to confirm this). The decision is more likely to 
hinge on the significance placed on value added to Lurgi (UK) Ltd (as in the decision to 
implement IS09000). What is the current and potential future market pressure for requirement of 
contractors to demonstrate their environmental commitments through certification to ISO14001? 
Could Lurgi (UK) Ltd adequately demonstrate environmental commitment without certification? 
Without certification and the required auditing process, would Lurgi (UK) Ltd have the required
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motivation to develop and maintain a sufficiently challenging EMS? To what extent would Lurgi 
(UK) Ltd use the gathered information on new and developing environmental legislation to guide 
its marketing strategies?
6.0 Future developments in Environmental Management
31. Prior to making a decision on the future management of environmental issues within Lurgi 
(UK) Ltd it is necessary to examine possible future developments. One area concerns increasing 
pressure from the government for companies to report on their environmental performance. A 
DTI steering group on company law is currently examining the possibility o f mandatory 
environmental disclosure. Other areas, including increasing supply chain pressures and 
increasing quantities of environmental legislation will make it ever more necessary to 
demonstrate environmental commitment at a high level of management. These pressures are all 
likely to drive an increased use o f EMSs and in particular ISO14001.
32. With respect to the ISO14000 series, the five yearly revision process is approaching.
1) During stage 1 (until 2001) it is proposed to work on harmonisation of the standard with the 
IS09000 series (figure 3). Additionally, work will aim to make the standard more attractive 
to SMEs through the reduction of jargon and through improving ease o f implementation.
2) Stage 2 (until 2002) will aim to clarify specific issues regarding ISO14001 including:
a) Should external environmental reporting be made mandatory within the standard?
b) What are the exact meanings of continual improvement and legislative compliance?
c) Could sustainability issues be included within the standard?
Quality Environment
ISO 9000 ISO 14000
Integration
OHS ISO ?
Figure 3 : Indicating the future integration of quality and environmental management with a 
possible new international standard for occupational health and safety.
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7.0 The Recommendation for EMS development within Lurgi (UK) 
Ltd
33. The options that have been considered with respect to environmental management in Lurgi 
(UK) Ltd are:
a) The development and implementation of a SHE policy which does not meet the 
specifications of an existing EMS standard.
b) The development and implementation of a formal EMS which meets the specifications of 
an existing standard, but without gaining certification.
c) The development and implementation of a formal EMS, with certification to a standard 
such as ISO14001
34. This decision is based upon the key drivers for development of an EMS within Lurgi 
(UK) Ltd and the associated costs. Due to increasing requests from clients for 
demonstration of environmental commitment and an increasing quantity of environmental 
legislation, the SHE committee recommends the development and implementation of a 
formal EMS as an integrated part of the SHE management system. The SHE committee 
also recommends that Lurgi (UK) Ltd should aim to achieve certification to IS014001 
within two years of being granted senior management approval for an EMS, thus providing 
tangible evidence of commitment to environmental management.
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Telephone: 01483 730044
ENVIRONMENTAL POLICY STATEMENT Fax: oi4B3 729595
Lurgi (UK) Ltd is a leading Process Engineering Contractor engaged in the design, 
supply, erection, and commissioning of process plant in the environmental, chemical, 
metallurgical, petrochemical and petroleum industries.
It recognises its environmental responsibilities and applies management systems to 
environmental aspects of all the projects with which it is concerned. It seeks always to 
act in accordance with best practice, with a commitment to pollution prevention, 
including preserving and, where possible, enhancing the quality of the environment.
• Lurgi (UK) Ltd will liaise and co-operate with the appropriate enforcement 
authorities on matters affecting the environment, will comply with all current 
legislation and promote best practice.
• The Board of Directors of Lurgi (UK) Ltd, supported by the Safety Health and 
Environment Committee, has overall responsibility for maintaining the 
Company’s Environmental Management System and will continuously monitor its 
operation and development. They will establish objectives and targets and 
measure progress. Lurgi (UK) Ltd is committed to continuous improvement in 
environmental performance throughout the lifecycle of its products, i.e. from 
conceptual design through to commissioning and finally demolition.
• Lurgi (UK) Ltd requires all employees to exercise responsibility in preventing 
harm to the environment and will support them in being able to contribute to 
environmental protection.
• This policy statement is circulated to all employees, clients and suppliers, and is 
available to all interested parties via the Lurgi (UK) Ltd web site.
Michael J. Wilkins
Managing Director
Environmental Policy Doc. 
Issue 1. Revl 
16th June 2000
A  Lurgi G ro u p  C o m p an y  R eg is te red  O ffice: As ab o v e  R e g is te red  in E n g land  C o m p an y  No. 798958
LURGI U K -E M S
Lurgi (UK) Ltd (L’UK) operates a Safety, Health and Environmental (SHE) management 
system, which gives guidance to employees and others, on the implementation of SHE 
issues within the organisation for design, construction, commissioning and management 
operations. As an integral part of this, L ’UK is revising it’s Environmental Management 
System (EMS) to ensure that it is compliant to BS EN ISO 14001, with the aim of 
gaining company-wide certification during the first quarter of 2001. This document, with 
supporting attachments, provides an introduction to the EMS.
The EMS is being revised through a small business unit, consisting of Quality Manager, 
Environmental Engineer and an external consultant. Support is provided through LUK’s 
SHE committee, which is chaired by the Director of Operations.
Environmental Policv Statement -  leading document 
Environmental Planning
L’UK has identified over 90 generic environmental aspects and their impacts, associated 
with its activities, products or services (as attached). L ’UK has determined which of these 
are significant, and has ranked these based on specified criteria, including the relevant 
legislation, to determine which of these have the highest priority for control. The result is 
a register of significant environmental aspects (as attached). L ’UK identifies the 
environmental aspects associated with each of its projects, using the generic aspects as a 
guide.
L’UK has identified and has access to all legal and other requirements to which the 
organisation subscribes and records this information in registers of current and impending 
legislation.
L’UK has set environmental objectives and targets for all its significant aspects (as 
attached).
L’UK has designated the responsibilities, means and time-ffames for achieving its 
obj ectives and targets.
Implementation and operation
As described above, L ’UK has defined roles, responsibilities and authorities and has 
provided the resources to ensure effective implementation of ISO 14001 (see attached 
organogram)
L’UK has an established training programme, in accordance with its QMS, which 
includes environmental issues.
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All EMS documentation and communication are focussed through the SHE committee 
and are carried out in accordance with the requirements of the QMS.
L’UK has established and maintained operational procedures and work instructions 
which are currently being revised to include environmental issues. L’UK prepares a site 
environmental file, for each of its projects, linking these procedures to the associated 
significant environmental aspects.
L ’UK has a generic emergency preparedness procedure from which it develops 
emergency procedures relating to each of its individual sites.
Checking and corrective action
L’UK monitors its EMS through the SHE committee, which has the authority to 
investigate non-conformance and where necessary allocate resources to implement 
corrective action.
L’UK has established and maintained procedures within its QMS for the identification, 
maintenance and disposal of environmental records.
L’UK has revised its existing QMS audit procedures to include audit of the EMS.
L’UK has revised its existing QMS management review procedures to include review of 
the EMS.
An index of EMS operating procedures is attached.
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Generic environmental aspect n~gi dm^DDiKKiirniJiig] Lurgiidentification
L U R G I (U K ) L IM IT ED
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
I .e .
Design (proposals),
Design (EngVProc.),
Construction,
Commissioning,
Operation,
Maintenance,
Decommissioning.
i.e. Air, water or land; 
waste management; 
resource and raw 
material use; 
other local and 
community issues; 
management issues
i.e. Past or 
Present - normal, 
abnormal, 
emergency or 
Future.
Design
^^roposals)
Air Present-
norm
Travel Reduction of 
emissions to air & 
resource use
C G1
Present-
norm
Design spec for 
emissions to air 
(stock & fugitive)
Either reduction or 
increase in 
emissions (project 
specific)
I G2
Present-
norm
Design spec for 
start-up & 
shutdown releases 
to air
Reduce various 
impacts (project 
specific)
c G3
Present -  
emergency
Design cognisance 
of fire/explosion
Smoke & fumes, 
fire water run off
I 04
Present
emergency
Design spec for
emergency
releases
Reduce various 
impacts (project 
specific)
c G5
Water Present-
norm
Design spec for 
liquid effluent & 
releases to water
Reduce
contamination of 
controlled waters or 
clean-up of water 
(project specific)
I G6
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LURGI (UK) LIMITED
L u r 0
Generic environmental aspect
identification (cont.)
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Present-
norm
Present-
norm
Present-
emergency
Design spec for 
start-up/shutdown 
releases to water
Design spec for 
cooling water
Design for 
emergency 
material spillage 
(to water)
Reduce various 
impacts (project 
specific)
Contamination/ 
thermal impact on 
controlled waters
Reduce
contamination as 
above
G7
G8
G9
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Generic environmental aspect rrg (moDgimcmcmmmig] Lurgiidentification
L U R G I (U K ) L IM IT E D
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Design
(proposals)
Land Present-
emergency
Design for 
emergency 
material spillage 
(to land)
Reduce
contamination of 
land (project 
specific)
C GIO
Present-
norm
Design for 
containment of 
feedstock/products
Reduce
contamination of 
land
I G il
Waste Man Present-
norm
Design for waste 
minimisation or 
reuse/recycling
Reduce waste 
(project specific) 
Possible saleable 
by-products
I G12
Present-
norm
Disposal of: 
Office paper,
IT consumables. 
Fluorescent tubes, 
Mise stationery. 
Batteries,
Plastic cups & 
bottles
Reduce possible 
landfill
contamination & 
leachate & 
conservation of 
resources
c
G13
G14
G15
G16
G17
G18
Present-
norm
Design for
decommissioning
waste
minimisation
Reduce waste c G19
Resource & 
raw material 
use
Present-
norm
Design for 
installation 
efficiency
Conservation of 
natural resources
I G20
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Generic environmental aspect n~g dDîgjDDîKKiirDinig] Lurgiidentification
L U R G I (U K ) LIM ITED
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Design
[proposals)
Resource and 
raw material 
use
Present-
norm
Present-
norm
Present-
norm
Design Spec, for 
low Haz. Mat in 
plant
Design spec, for 
low hazard 
materials of 
construction
Energy use in 
office
Reduce various 
impacts
I
Reduce various 
impacts
Reduce energy use
G21
022
023
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Generic environmental aspect rrg dmgiDDiKKifPDinig) Lurgiidentification
L U R G I (U K ) L IM IT E D
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Design
(proposals)
Local/
community
issues
Current-
norm
Managing 
information from 
interested parties
Reduction of 
business risks
C 024
Current-
norm
Design for noise Reduction of noise I 025
Current-
norm
Design for odour Reduction of odour I 026
Current- 
norm & 
emergency
Design for 
minimisation of 
risk to local 
community
Reduction of risk to 
local community
I 027
Current-
norm
Design for 
aesthetics
Acceptability of 
design
I 028
Management
Issues
C,N Environmental 
knowledge of 
Personnel
Integration of 
environmental 
issues
c 029
C,N Design for upgrade 
ability
environmental
performance
Future legislative 
cognisance
I 030
C,N Recruitment Increase internal 
environmental 
awareness/ 
knowledge
c 031
C,N Ability to 
implement & 
advise BAT
Improved
environment
c 032
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Generic environmental aspect n"g dlîÛglOlïïKKiDPDOïlg] Lurgiidentification
L U R G I (U K ) L IM IT E D
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Design
[Proposais)
Resource use Present-
norm
Protection of flora 
and fauna
Reduce harm to 
flora and fauna
I 033
îsign
[Engineering/
Procurement)
All
(Project
Specific)
Present-
norm
Purchase of low 
hazard materials 
(e.g. coating)
Reduce use of 
environmentally 
harmful substances 
(e.g reduce volatiles 
from points)
C 034
Management
Issues
Present-
norm
Choice of 
environmentally 
aware supplier
Improve 
environmental 
awareness of 
suppliers & use 
those that are more 
environmentally 
friendly
C 035
Present-
norm
Environmental 
training of supplier
Improved 
environmental 
awareness & 
environmental 
performance
c 036
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Generic environmental aspect
identification (cont.)
L U R G I (U K ) LIM IT ED
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Resource
Depletion
Present-
norm
Purchasing/hire of 
efficient
equipment (energy 
& material) for 
plant & 
construction
Reduce resource 
use
C G37
Construction Air Present-
norm
Suppression of 
dust from 
construction
Reduce airborne 
particles
C G38
Present-
norm
Reduction of 
fumes from 
welding
Reduce emissions 
to air
c G39
Present-
norm
Control of 
spraying activities
Reduce airborne 
aerosols
c G40
Present-
norm
Covered storage of
construction
materials
Reduce wind 
whipped airborne 
particulates
c G41
Present-
norm
Reduction of 
emissions from 
mobile plant
Reduce emissions 
to air
c G42
Resource use Present-
norm
Control 
monitoring of 
materials & 
resources
Reduce
consumption & 
hazards from 
materials
c G43
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Generic environmental aspect
identification (cont.)
LU R G I (U K ) L IM IT E D
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Construction Water & Land Present-
norm
Control pumping 
of rainwater from 
excavations
Prevent possible 
sitting/
contamination of 
waterways
C 044
Present-
norm
Control storage of 
construction 
materials 
(impervious floor 
& bund)
Reduce risk of 
water & land 
contamination
C 045
Present-
norm
Control of site 
drainage
Reduce risk of
watercourse
pollution
c 046
Present-
norm
Control of 
deliveries
Reduce risk of 
spillage & 
contamination
c 047
Present-
norm
Control of roads & 
vehicles
Reduce silt run-off c 048
Present-
norm
Provision of 
soakaways
Capture silt c 049
Present-
norm
Control of
refuelling
activities
Reduce risk of 
spillage
c 050
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Generic environmental aspect
identification (cont.)
LURGI (UK) LIMITED
Phase in Life 
cycle
Environmental
category
Occurrence 
o f activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Construction Water/Land Present-
norm
Present-
emergency
Present-
norm
Present-
norm
Present-
norm
Control of use of 
materials 
(especially 
concrete)
Containment & 
clean up of 
spillage
Control of 
domestic effluent
Control of spent 
containers, storage 
tanks, sacks, 
pallets etc. 
Maximise reuse & 
recycling where 
practicable
Control of 
construction waste 
including reuse & 
recycling where 
practicable
Reduce risk of 
water & land 
contamination
Reduce harm to 
water & land
Reduce harm to 
waterways
Minimise resource 
use. Minimise harm 
via landfill
Minimise resource 
use. Minimise harm 
via landfill
051
052
053
054
055
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Generic environmental aspect n g  ©OîlgjDOïlddDfDDî]®Lurgiidentification
L U R G I (U K ) LIM IT ED
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) . Impact (i.e. effect) Control/
Influence
/None
Ref
Construction Waste Present-
norm
Control of 
construction waste 
storage
Reduce air, water & 
land pollution
C G56
Present-
norm
Control of waste 
contractor. Enforce 
duty of care 
requirement.
Reduce risk to 
environment
C G57
Present-
norm
Control of 
domestic waste
Reduce harm to 
environment
c G58
Local & 
community
Present-
norm
Control of 
construction noise
Reduce nuisance to 
local community
c G59
Present-
norm
Housekeeping 
(inc. vehicle to & 
from site)
Reduce dust, mud, 
litter, noise etc. to 
local community
c G60
Present-
norm
Control of lighting Reduce nuisance to 
local community
c G61
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Generic environmental aspect
identification (cont.)
L U R G I (U K ) LIM IT ED
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Construction Local/commun
ity
Present-
norm
Control of odour Reduce nuisance to 
local community
C G62
Present-
norm
Banning on-site 
burning
Reduce nuisance 
and emissions
C G63
Present-
norm
Sequencing of 
events
Reduce nuisance to 
local community
I G64
Present-
emergency
Communication of 
Emergency 
procedures to local 
community
Reduce risk to local 
community
c G65
Management
issues
Present-
norm
Communication/ 
training of 
construction 
workers
(environmental & 
safety)
Reduce
environment risk
c G66
Present-
norm
Implementation of 
CDM regs
Reduce risk &
improved
performance
c G67
Present-
norm
Control of site 
security
Reduce risk of 
vandalism trespass
c G68
Present-
norm
Control of working 
hours & conditions
Reduce nuisance to 
local community & 
reduce accident risk
c G69
Present-
emergency
Managing 
response to 
emergency 
situations
Reduce risk c G70
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Generic environmental aspect
identification (cont.)
LU R G I (U K ) LIM IT ED
Phase in Life 
cycle
Environment 
al category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Present-
abnorm
Manage 
environmental 
consequences of 
variations
Reduce risk C G71
Present-
norm
Communication 
with authorities for 
advisory purposes
Reduce risk of 
liability & reduce 
environmental 
impacts
C G72
Commissioning Air, Water, 
Land
Present-
emergency
Release of 
materials
Harm to
environment (air, 
water, land)
c G73
Present-
norm
Controlled storage 
of materials
Reduce airborne 
particulates
c G74
Present-
norm
Spillage of 
materials
Volatiles to air, 
watercourses, land.
c G75
Present-
norm
Controlled 
delivery of 
materials
Reduce harm to 
environment
c G76
Waste
Management
Present-
norm
Control of Process 
waste
Minimise harm & 
ensure duty of care
c G77
Resource/raw 
material use
Present-
norm
Minimise off spec 
product & 
unnecessary usage 
of material
Conservation of 
resources
c G78
Commissioning Local &
Community
issues
See construction
Management
Issues
Present-
norm
Qualification of 
staff
Reduce risks. c G79
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Generic environmental aspect
identification (cont.)
LURGI (UK) LIMITED
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Present-
norm
Present-
norm
Present-
norm
Emergency 
preparedness/accid 
ent response
Communication 
with authorities 
HSE, EA, EHD’S 
For advisory 
purposes
Clear definition of 
responsibilities, 
especially during 
hand-over
Reduce
environmental & 
personal harm
Reduce risk of 
liability & reduce 
environmental 
impacts
Reduce risk of 
environmental harm
080
081
082
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Generic environmental aspect rrg dOïigiaDîKKMrDOî]^  Lurgiidentification
L U R G I (U K ) LIM IT ED
Phase in Life 
cycle
Environmental
category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Operation Air, water, 
land & waste 
management, 
resource and 
raw material 
usage & local 
community 
issues
ALL RELE
NORMAL
DESIGN
ASES AND USE
OPERATION
PHASE
OF MATERIALS 
CONSIDERED
UNDER
AT
Management
Issues
Present,
norm
Communication 
with client of 
outcomes due to 
mall operation
Reduce risk 
through raising 
awareness of 
possible 
environmental 
impacts with client
C 083
Present,
norm
Communicate 
Result of HAZOP
Reduce risk & raise 
awareness
C 084
Present,
norm
Provision of 
adequate data & 
training
Reduce risk & raise 
awareness
c 085
Maintenance Management
Issues
Present,
norm
Provision of 
maintenance 
manual
Reduce risks 
through provision 
of appropriate 
maintenance advise
c 086
Present,
norm
Cognisance of 
latest legislation
Reduce risk 
through upgrading 
standard of 
equipment
c 087
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Generic environmental aspect
identification (cont.)
LURGI (UK) LIMITED
Phase in Life cycle Environment 
al category
Occurrence 
of activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influenc
e/None
Ref
Maintenance
D e c o m m is s io n in g
Air, water, 
land, waste 
management 
, resource & 
raw material 
& local 
community 
issues
R e f e r  TO a s
Air
Present,
norm
Present,
norm
R e q u ir e d /
Present,
norm
Swift response to 
request for 
information
Clear definition of 
responsibilities 
and liabilities 
during planned & 
unplanned 
operations
ALL RELEASES 
FOR
ARE CONSID
Im pacts r ela tin g
Control of 
All demolition 
activities
Reduce harm 
through swift 
resolution of 
possible problems
Reduce risk of 
environmental harm
& USE OF MAT 
MAINTENANCE 
EREDONPROJE 
SPECIFIC BASIS
To CONSTRUCTION.
Reduce airborne 
particulates
G88
G89
ERIALS
CT
G90
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Generic environmental aspect
identification (cont.)
LURGI (UK) LIMITED
Phase in Life cycle Environment 
al category
Occurre 
nee of 
activity
Aspect (i.e. cause) Impact (i.e. effect) Control/
Influence
/None
Ref
Water
Land
Waste
management
Decommissioning Waste
management
Resource and 
raw material 
use
Present, Control of all Reduce risk of
norm demolition contamination of
activities watercourses
Present, Control of all Reduce risk of
norm demolition contamination to
activities land
Present, Appropriate Improve quality of
norm remediation land
Present, Disposal of non Reduce waste to
norm hazardous waste landfill and reduce
Promote reuse. use of primary
recycling where aggregates/raw
practicable materials
Present,
norm
Present,
norm
Disposal of
contaminated
waste
Promote 
reuse/recycling 
where practicable
Reduce risk and 
ensure duty of care
Reduce waste to 
landfill and reduce 
use of primary 
aggregates/raw 
materials
G91
G92
G93
G94
G95
G96
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Lurgi (UK) Ltd -  Environmental Objectives and Targets
For LUK’s high priority significant environmental aspects (score 6 on register)
Objective:
Target:
To provide a quantifiable/qualifiable baseline for this aspect and to 
ensure legal compliance.
To quantify/qualify this aspect as it relates to the Grovehurst 
project with the project carried out to current Lurgi procedures (i.e. 
without EMS intervention) and to modify/develop procedures as 
necessary to ensure legal compliance. Quantification/qualification 
is to be completed prior to performance guarantee acceptance of 
the Grovehurst project and modification/development of 
procedures is to be completed by the end of November 2000.
Management Representative (JJMS) -  Responsible for 
management of the programme through the SHE committee and 
overall responsibility for meeting objectives and targets.
QA Manager (MM) -  Responsible for day-to-day management. 
Environmental Engineer (MN) - Responsible for checking 
environmental compliance of procedures and correcting them 
where necessary.
Project Manager (MJ) and Site Manager (HB) -  Responsible for 
Quantifying/Qualifying the aspect.
For subsequent projects, overall objectives will be proposed for improvements in the 
performance o f these high priority aspects against the baseline criteria, to be achieved 
through setting targets for individual projects.
Resourcing:
For all other environmental aspects
Objective:
Target:
Resourcing:
To ensure that L’UK complies with the legislation concerning this 
aspect.
To review current L’UK procedures with respect to this aspect and 
if  necessary, to modify/develop procedures to ensure legislative 
compliance. This is to be completed by the end of November 
2000.
Management Representative (JJMS) -  Responsible for 
management of the programme through the SHE committee and 
overall responsibility for meeting objectives and targets.
QA Manager (MM) -  Responsible for day-to-day management. 
Environmental Engineer (MN) - Responsible for checking 
environmental compliance of procedures and correcting them 
where necessary.
L:\MN\14001\Objectives and Targets\Os & Ts.doc 08/14/00
0#
E
E
Oo -♦—» c 
0
Ec
2
>  t  
c  0
iî
ilP
0
CO
T 3
O)
O)
Q.
O)
O)
O)
O)
en
oo
ooo
oo*o
I
c
&
-oc
i
i
oorr
I
en
9
0
1
3
engineering 
Lurgi UK
OPERATING PROCEDURES INDEX
ENVIRONMENTAL
PROCEDURE
NUMBER
TITLE NUMBER
OF
PAGES
ISSUE
No.
REV. DATE OF 
APPR.
STATUS
EPD Environmental Policv Document Being developed in accordance with 
BS EN ISO 14001
NYA
OP.Ol Management Review 4 3 3 0 5 / 0 4 / 0 0 C
OP.03 Ooerational Control Being developed in accordance with 
BS EN ISO 14001
NYA
OP.04 Environmental Planning Being developed in accordance with 
BS EN ISO 14001
NYA
OP.05 Monitoring and Measurement Being developed in accordance with 
BS EN ISO 14001
NYA
OP.06 Emergencv Prenaredness and 
Reoonse
9 1 0 0 4 / 0 7 / 0 0 C
OP. 10.01 Non-Conformance .Preventative 
and Corrective Action
50 1 0 2 5 / 0 7 / 0 0 C
OP.10.01 Document Control 50 1 0 2 5 / 0 7 / 0 0 c
OP.12.01 Internal Auditing 5 3 2 1 0 / 0 4 / 0 0 c
OP. 12.02 External Auditing 6 3 2 1 1 / 0 4 / 0 0 c
OP. 13 Training 5 4 2 1 0 / 0 4 / 0 0 c
Key : NYA = Not Yet Available 
C = Current
08/ 10/00
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Introduction
The purpose of this report is to highlight the progress to date concerning the research project 
carried out by M.J.Nicholas. A brief description o f the two modules attended will be 
followed be a more detailed discussion of progress including the selection of elective 
modules and progress to achieving the first year deliverables. The reader is referred to 
appendix A which highlights some of the contributions made towards demonstrating 
competence in the key areas listed in section 4.4.1 o f the Environmental Technology EngD 
course handbook.
Module 1 - Induction
The Induction week at Brunei between 9'  ^ and 13* September was designed to introduce the 
Research Engineers to the course and to each other and was successful on both counts. The 
course coincided with the annual EngD conference which gave the first year RE’s a chance to 
experience the high standards required. Although this was very daunting it proved invaluable 
especially as I am now, along with another first year RE (Claire Lacey), on the planning team 
for the 1997 conference.
Module 2 - Project Management and Life Cycle Assessment (LCA)
Module 2 was held at the University of Surrey between 9* and 13* December. The Project 
Management section gave knowledge o f techniques which can be applied in the research 
programme. This section of the module is being put to use through the activities o f the 
conference planning team. The introduction to LCA highlighted the necessity to look at all 
the environmental impacts associated with a product, process or activity. This ‘cradle to 
grave approach will become important when assessing the methods available for reduction o f 
gaseous emissions from glass furnaces and the application o f Lurgi waste to energy processes 
within the newly developing infrastructure for waste management as governed by new 
producer responsibility legislation.
Progress meetings
To monitor the progress o f the EngD project a number of meetings have been held throughout 
the first six months.
The first bimonthly review meeting, attended by all supervisors and the RE was held at the 
University of Surrey on 14* November 1996. Minutes of this meeting can be found as 
appendix D. At this point it should be noted that for the first couple o f months o f the project 
Mr P.Walker was on sick leave so Mr A.Terry kindly offered to introduce me to Lurgi (UK) 
and its operating procedures. Prior to the meeting I had discussed the study contract with my 
industrial supervisors so that during the meeting we could finalise the first year deliverables. 
Progress towards completion of these deliverables is discussed in the section below.
The second progress review meeting was held at Lurgi UK on the 26* March 1997. Those 
present were both academic and industrial supervisors, the Managing Director o f Lurgi (UK), 
the Head of Contract Engineering, and another member of Contract Engineering. During this 
meeting Prof. R. Clift gave a short presentation to introduce those who were not familiar with 
the EngD to the course structure and objectives. I then gave a half hour presentation 
highlighting my work to date and indicating areas I had chosen for future research (appendix 
C). The presentations were successful and the future research objectives, which are discussed 
in the final section o f this report, were fully endorsed by the Managing Director.
In addition to the progress meetings mentioned above I had numerous smaller meetings to 
keep R.Clift and A.Azapagic informed with progress. These meetings were held on:
17* October (Adisa only), 21®^ November, 16* December (Including presentation - 
appendix B), 8* January, 11* March and 25* March.
During these meetings, and along with discussions with my industrial supervisor and 
Mr A. Roberts I chose the following elective modules:
1. EngD Conference Project Management
2. Commercial Law (Conditions)
3. Cost Engineering
4. Construction techniques and commissioning.
The EngD Conference Project Management is well under way. All planning for this module 
will be submitted and discussed after the EngD conference. The other modules will 
introduce concepts vital for my development as a professional engineer.
Progress towards first year deliverables
As discussed previously the first year deliverables were chosen at an early stage by David 
Porter and myself. These deliverables set clear objectives for the first year o f work. I am on 
target for meeting these requirements.
1. Review o f Legislation (current and projected)
This will be an ongoing element of the doctorate. The initial literature review, 
focusing on the history of environmental law and current legislation is near 
completion. This will be submitted to my portfolio at the end of April. As 
environmental law is in a continuous state o f flux it will be necessary to produce 
updates to the literature review which will be produced at regular intervals.
2. Review of appropriate technologies (gas cleaning and production) in the marketplace
The technology review was helped by a visit to the annual exhibition held for the 
glass industry, GLASTECH, in Duesseldorf. During the two days I spent there I 
talked to many manufacturers of pollution abatement equipment ranging from the
traditional clean-up systems to newer low N0% technologies. My findings have been 
reported in the two presentations given (appendix B & C) and many company 
brochures were collected for future reference.
3. In depth review of the industrial supervisor’s techniques and technologies
4. Review sizing techniques at the industrial supervisor’s headquarters
Deliverables 3 & 4 have been completed. I have learnt the design process for the 
glass furnace waste gas cleaning process. This was achieved through eight weeks of 
industrial training at the headquarters of Lurgi AG (Lurgi (UK)’s parent company). 
During my time in Frankfurt I was able to visit two gas cleaning plants for glass 
furnaces, inspect the internals o f a precipitator for a refuse incinerator and accompany 
an engineer to the commissioning o f a wet precipitator for cleaning o f dye plant off 
gas. This gave me some additional know-how necessary for process design. I now 
have a firm technological basis on which I can build, and have essential knowledge 
for research into the gas cleaning processes. I have produced three reports 
summarising my training and these will be submitted to this portfolio.
5. Install those techniques in the organisation of the industrial supervisor.
The final process of the transfer o f gas cleaning design techniques will take place 
gradually over the coming months. I will pass on the design information to my 
colleges along with other details leamt. The design methods will be put to practice 
once clients initiate invotations
6. Glass usage/mass flows in UK.
The literature review indicated that there will be substantial changes in the near future 
to the management of waste. This will be determined by the implementation o f new 
packaging laws. I decided that this should be investigated to find out how the 
industry would evolve to cope with the required increase in glass recycle rates and 
what would be the effect to the gas cleaning system.
This investigation o f glass mass flows will lead on to the investigation o f other waste 
streams, particularly with regards to waste to energy.
Future research goals
I have been developing the following goals throughout the first six months.
• Investigate producer responsibility legislation
• Process optimisation and modelling of Lurgi gas cleaning system
• Investigate deNOx technologies.
As previously mentioned these ideas have been endorsed by Lurgi (UK) and, especially with 
regards the new producer responsibility legislation will provide key information for 
marketing strategy. It is intended that these goals will form the basis o f research for at least 
the next two years.
I will continue to use my process knowledge to design gas cleaning plant for Lurgi and intend 
to gain as much breadth and experience in contract engineering as possible. This will arise 
from further site visits, contract preparation, construction and commissioning work. I am in a 
position where I can not only satisfy the requirements of the Engineering Doctorate Scheme, 
but go a long way towards achieving the requirements of the Institute o f Chemical Engineers 
for gaining chartered status.
Appendix A 
Competencies of a Doctor of Engineering
Highlighted below are some of the contributions I have made towards demonstrating 
competence in the key areas listed in section 4.4.1 o f the Environmental Technology EngD 
course handbook for the academic year 1996/7. Also listed are indications of where future 
work will further demonstrate competence in the key areas.
Expert knowledge o f an environmental engineering area.
Through the work I carried out in my first three months at Lurgi (UK), investigating 
the gas cleaning technologies o f Lurgi, my assessment of the technologies offered by 
other companies, and the industrial training received in Frankfurt between 13* Jan 
and 7* March I have gained the necessary technical basis to become on expert in the 
field o f gas cleaning. This knowledge will be strengthened as it is put to use in design 
work when gas cleaning projects are initiated by the clients of Lurgi (UK). In 
addition to the design aspect I have been carrying out an in depth study of the 
legislation controlling air pollution in both the UK and EC.
Innovation and contribution to knowledge in the development of Environmental 
Technology.
I expect a contribution to knowledge to occur in the following areas:
1. Improvements to the current Lurgi gas cleaning technology with regard to 
system operation in recycle mode. I have made suggestions that a study 
should be carried out to enable modelling o f the gas cleaning system in recycle 
mode and at temperatures above the existing gas temperature model range 
(Report 3, dated 17/2/97, calculation o f lime consumption). I have also 
highlighted the possibility o f improving the cleaning system efficiency by 
recycling part of the dust collected by the EP, i.e. the first field dust which is 
sorbent rich.
2. An investigation of the required infrastructure for meeting the UK’s producer 
responsibility targets for recovery and recycle of packaging and how this will 
effect Lurgi’s activities in the areas o f gas cleaning and ‘waste to energy .
A comparison of the current technologies for reduction o f N0% emissions.J.
Prior to any work in these areas literature reviews will be undertaken to investigate the 
current state of knowledge.
The appreciation of the industrial context o f environmental engineering.
Working within a contracting company I am very much at the industrial edge of the 
research spectrum. Through working in the sales and marketing department I have 
become aware o f the necessity to develop a gas cleaning system which is both 
beneficial to the environment and economically competitive.
Project management skills
In addition to the development of the skills necessary in managing the EngD (see 
module 2, part 1, A project plan for the EngD research Project) I was invited by Alex 
Roberts to undertake, as an elective module, the project management o f the 1997 
EngD conference. I accepted as I felt it would be an ideal way to put into practice 
skills previously leamt. My project management skills will be used throughout the 
EngD, and will become increasingly important as I need to balance the academic 
requirements o f the doctorate with the expectations o f my sponsoring company.
Oral and written communication skills.
In addition to this report I have written three detailed reports covering the period of 
industrial training in Frankfurt. In January, prior to leaving for Frankfurt I gave a 
presentation on two separate occasions to both sets of supervisors (The overheads can 
be found as appendix B). I have also given a presentation at Lurgi (UK) summarising 
my findings o f the first six months (appendix C). This was attended by my academic 
and industrial supervisors and by the Managing Director and the Head o f Contract 
Engineering. By the end of the EngD I will be a competent communicator.
Financial Engineering project planning and control
It is envisaged that any modelling and process optimisation of the current Lurgi gas 
cleaning system for glass furnace waste gas will be subject to both financial and legal 
restrictions. Such work will need careful budgeting, planning and control.
' In the course o f preparing future quotations for gas cleaning systems I will always 
have to consider the most economical design to enhance Lurgi’s competitive edge and 
ensure that all design work is completed to schedule as required in a professional 
engineering environment.
The ability to apply skills and knowledge to new and unusual situations.
It is envisaged that over the next few years the clients of Lurgi (UK) will initiate 
several projects for gas cleaning systems for the glass industry. I have been trained to 
carry out the basic design for such a gas cleaning system. I will apply this training to 
each individual case to achieve the best possible design solutions.
The ability to seek optimal solutions to complex and unusual engineering problems 
and to search out relevant information sources.
The design work that I will undertake within Lurgi (UK), and the research into the 
future producer responsibility regulations will present problems requiring careful 
planning. When considering the producer responsibility regulations it will be 
important to include social issues along with the technical and price basis so that the 
optimal solutions are found.
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Introduction
The purpose of this report is to highlight the progress made in the period 1/4/97 to 1/10/97 
concerning the research project carried out by M.J.Nicholas. A discussion of progress, 
including a redefinition o f the project thesis attended will be followed by a brief description 
of the modules and then an outline of future work. The reader is referred to appendix A 
which highlights some o f the contributions made towards demonstrating competence in the 
key areas listed in section 4.4.1 of the Environmental Technology EngD course handbook.
Definition of Project Thesis
Having completed a detailed literature report covering present and impending legislation and 
having received formal industrial training on the techniques used to design and size a Lurgi 
gas cleaning plant, it is appropriate to restate the overall objectives of this project.
With respect to the EC Directive on Integrated Pollution Prevention and Control and 
subsequent member state legislation there will be a requirement to assess industrial 
activities on a holistic basis in order to achieve a high level o f protection for the 
environment as a whole. Moreover, Producer Responsibility legislation is set to have 
a profound influence on many areas of industry, and more particularly the waste 
sector.
The objective o f this project is to determine the requirements of environmental 
legislation and thus, through the use of appropriate assessment methodologies, 
identify (and install) the Best Available Techniques (BAT - EC IPPC definition) for 
the glass manufacturing and waste to energy industries.
The progress made towards meeting this objective is discussed below, including the 
tailoring o f module assessments towards the project subject area.
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Progress achieved during the oast six months
The RE has made significant progress towards the overall objectives of the project. Through 
an in depth analysis o f the requirements of the IPPC directive and the current methodology 
for assessment o f Best Practicable Environmental Option (BPEG), the RE has demonstrated 
in a paper presented at the 1997 EngD conference (appendices B & C) that there is a need to 
move towards Life Cycle Assessment and Life Cycle thinking when making the choice of 
Best Available Technique (EC IPPC definition). Moreover, the paper highlights that Life 
Cycle considerations should be addressed when drafting any environmental legislation which 
aims to manipulate flows o f materials in a product Life Cycle, such as the producer 
responsibility regulations.
The paper and presentation (appendices B & C) both draw a direct link between specific 
legislation (IPPC and producer responsibility) and LCA/LC thinking. This demonstration of 
the need to use Life Cycle methods as a tool for direct assessment of BAT under IPPC and as 
a process for decision support in drafting legislation is a significant contribution to 
knowledge.
In addition to the paper submitted for the 1997 EngD conference I have had the opportunity 
to make personal comments (appendix D) related to the consultation paper from the 
Department of the Environment Transport and the Regions on the UK implementation of the 
EC directive on IPPC. Through continued involvement with the UK’s adoption of IPPC I 
hope to develop a greater understanding of the directives requirements, thus enabling the 
development (or streamlining) of LCA for use as the BAT assessment methodology.
Other work during the past six months has included the preparation of a major proposal for a 
waste gas cleaning plant. The RE provided process design expertise as per the industrial 
training received from the parent company in Frankfurt. The RE has also attended four 
modules and is near to completing the elective module on ‘EngD conference project 
management’.
6 monthly review - 1/10/97
Completion o f First Year DeIiveYahle!s
As reported in the minutes of the progress review meeting dated 15/7/97, the following first 
year deliverables have been completed:
1. Review of Legislation (Report completed May 1997. Biannual updates necessary.)
2. Review of appropriate technologies (General overview achieved.)
3. In depth review o f industrial supervisors techniques and technologies
4. Review sizing techniques at the industrial supervisors headquarters (Three reports 
completed.)
The following first year deliverables are incomplete and will be on-going over the four years:
5. Install those techniques in the organisation of the industrial supervisor (To date, the RE 
has participated in one glass furnace gas cleaning proposal. Further work should be focused 
on communicating with the Frankfurt parent company to develop design guidelines and a 
possible design guide manual.)
6. Glass usage/mass flows in the UK (A small amount o f information has been gathered with 
regard to historic recycling levels. This work will be long term and will be integrated with 
data on other waste sectors.)
Progress Meetings Held
To monitor the progress of the EngD project, a number of meetings have been held 
throughout the past six months.
The third review meeting was held at Lurgi (UK) Woking on 15'^ July 1997 and minutes of 
this meeting can be found in the portfolio section titled ‘Record of Progress Forms’. Those 
attending were all supervisors (with the exception of Prof. R.Clift who sent his apology for 
absence), the RE and Mr. A.Roberts - the Deputy Programme Director. During this meeting, 
the progress towards meeting the first year deliverables was reviewed, targets for the next
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period o f study were listed and the projects long tenu objectives were restated (Discussion of 
these points can be found further bellow).
In addition to the progress meetings mentioned above, the RE had numerous smaller 
meetings, telephone conversations and Fax correspondences to keep R.Clift and A.Azapagic 
informed with progress. The meetings were held on:
2"^ May , 19*^  May, 3"^  ^June and 9'^ September 
Module 3 - Introduction to Social Research methods
In the assessment to this module the RE noted that manufacturing glass from recycled cullet 
provides a significant energy saving when compared with manufacturing glass from its raw 
materials. However, the reclamation of post consumer products requires the co-operation o f 
the consumers and needs a willingness to separate and recycle waste.
A literature review highlighted the differing levels o f recycling in Europe and examined 
previous research on the social influences on recycling. The assessment then set out a 
proposal for research which addressed the general question ‘Why is the level of glass 
recycling in Germany much greater than the level o f glass recycling in the UK?’. The 
assessment proposed a preliminary study utilising small sample groups and open interviews 
generating qualitative data on which a larger study could be based.
Module 4 - Risk Perception
By way o f an introduction the RE explained in the assessment for this module the growins 
importance o f risk perception, and cited from the 1997 jubilee lecture on “Suspicious 
science of the Institute of Chemical Engineers [see The Chemical Engineer (24 April 1997) : 
IChem ). The coursework highlighted that research into hazards and risk has been 
developing over the past century. Risk research originated from geographical studies 
investigating flood problems in the 1920s and then developed a separate branch investigating
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technological hazards from the'late 1960s. The assessment compared and contrasted these 
two separate but sometimes merging schools of thought.
Module 5 - Environmental Measurement
The RE used the assessment for this module to focus on the measurement issues relating to 
pollution control in the glass industry, and more specifically the quantification o f particulate 
emissions from glass furnaces. It was highlighted that the most important factor in obtaining 
reliable measurements o f particulate emissions is the calibration o f the measuring 
instruments. It was also noted that the traditional method o f measuring particulates as mass 
per unit volume may not be the best way for the future as it discriminates against clean 
technologies which reduce the volume o f gas released. Measurements stated in mass per 
quantity of product produced would encourage overall reductions and measurements of total 
number and size o f particles (rather than total mass) are more important from the medical 
viewpoint.
Module 6 - Hands-on Audit
This module was held jointly at Brunei University and ICL’s office site in Slough. It was 
conducted as a group exercise involving introductory lectures and a period of on site auditing 
concluding with a presentation of the audits findings to members o f ICL’s Corporate 
Environmental Affairs department and the site managers. The audit introduced the REs to 
eveiy day situations whereby any office can improve its environmental performance. For 
example the trend towards collection and recycling office paper is good but it would be even 
more beneficial if paper use was reduced, for example by encouraging the use of double sided 
photocopying and keeping unwanted paper as scrap for rough notes.
Elective Module 1 - EngD Conference Project Management
In planning and running the 1997 EngD annual conference held at the University o f Surrey on 
16-17 September, the RE gained hands-on management experience. Full details will be 
submitted to this portfolio once feedback has been assessed and an executive report produced
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and handed over to next years management team. Initial reaction is that the conference was a 
resounding success.
Future research goals
The RE believes that using LCA to analyse sectors o f industry as a whole can sometimes 
produce misleading results. It is for this reason that all future work will be on a case specific 
basis. In order to meet the overall objective of application of appropriate methodologies to 
identify the Best Available Techniques for the glass and waste to energy industries the 
following goals need to be achieved:
• Development and use of Life Cycle Assessment methods to analyse techniques and 
technologies (including an investigation of deNOx techniques) and thus determine 
BAT on a case specific basis.
• Process optimisation and modelling of Lurgi gas cleaning systems (to be focused on 
once BAT is established)
• Follow developments in legislation and in particular the UK’s adoption of the IPPC 
requirements.
It has been recognised that simple application of LCA to a given industrial situation can no 
longer be seen as novel. Further contributions to knowledge will therefore come from linking 
LCA to specific legislative requirements, performing streamlining work to enable LCA to 
become an accessible tool for regular, case specific use in industry and promotion of the use 
o f Life Cycle thinking in the process of drafting legislation.
Appendix A
A demonstration of the acquisition 
of the EngD competencies
Appendix A 
Competencies of a D octor of Engineering
Highlighted below are some o f the contributions I have made in the period 1/4/97 to 1/10/97, 
towards demonstrating competence in the key areas listed in section 4 .4.1 of the 
Environmental Technology EngD course handbook for the academic year 1996/7. Also 
indicated are the areas whereby future work will further demonstrate these competencies.
• Expert knowledge of an environmental engineering area.
Through my active involvement in the preparation of proposals for gas cleaning plant 
I have built on the technical knowledge gained during a period o f industrial training in 
Frankfurt between 13"^  Jan and 7'^ March 1997. This has brought me closer to 
becoming a process engineer with expert knowledge of gas cleaning equipment. 
Ongoing proposals work will enhance this position.
In parallel with the proposals engineering, I have continued to monitor developments 
in environmental legislation, especially with respect to the IPPC directive and 
producer responsibility (packaging) regulations. I have gained an in depth knowledge 
of current methodologies for assessing the Best Practicable Environmental Option 
(BPEG - as for UK EPA90) and requirements under the IPPC directive.
Innovation and contribution to knowledge in the development of Environmental 
Technology.
Both the paper (appendix B) and presentation (appendix C) that I submitted at the 
1997 EngD conference provide a significant contribution to knowledge in the 
development o f environmental technology. The merits of LCA and the inadequacies 
of current (BPEG) assessment methodologies are well recognised; indeed Tony Yates 
(EngD RE) has demonstrated the advantages o f using LCA as a tool for assessing 
BPEG. To date however, as far as I am aware, no papers have been published with 
regard to the EC directive on IPPC, its holistic approach to protecting the environment 
and the consequent requirement for changes to current assessment methodologies. 
The paper I have written demonstrates that Life Cycle approaches will be essential in 
assessing Best Available Techniques (EC definition) as required by the new directive 
on IPPC. Moreover, the paper highlights that Life Cycle considerations should be 
addressed when drafting any environmental legislation which aims to manipulate 
flows o f materials in a product Life Cycle, such as the producer responsibility 
regulations.
In addition to the paper submitted for the 1997 EngD conference I have had the 
opportunity to make personal comments (appendix D) related to the consultation
paper from the Department o f the Environment Transport and the Regions on the UK 
implementation of the EC directive on IPPC.
The appreciation of the industrial context o f environmental engineering.
When industry adopts clean technologies it is not just the overall environment that 
benefits. In years gone by a common misconception was that meeting environmental 
standards equated to additional costs. However this is far from true as energy and 
material conservation can bring financial rewards and can improve the overall quality 
o f the workplace, thus improving staff productivity. Rikki Bhatia (EngD RE) 
reminded us o f this at the 1997 EngD annual conference by highlighting tha^the use 
o f daylighting techniques in offices and manufacturing sites both saves energy and 
provides a more pleasant environment in which to work.
Project management skills
As mentioned in the last six monthly report, I am a member o f the management team 
which organised this years EngD conference. This gave me the ideal opportunity to 
bridge the theory-practice gap. The initial objective was to organise a successful 
conference on 16-17 September 1997 at the University o f Surrey and judging by the 
positive feedback both verbaly and via the evaluation questionnaires from delegates 
that objective was met very successfully. I played an important team role in achieving 
this.
My day to day management skills are improving with respect to organised meetings 
(agendas and minutes are now collated in a specific section of my portfolio titled 
Record of Progress Forms ) and dissemination o f knowledge at company level 
through memos to those concerned.
Oral and written communication skills.
Development of these skills is ongoing with events such as the annual conference 
providing key opportunities to enhance both written and oral communication 
(appendices B & C).
Financial Engineering, project planning and control
Since Lurgi is an international contracting company much of my day-to-dav work has 
focused around Purchaser/Contractor/Sub-contractor relations and the necessary 
commercial requirements (e.g. Quality Assurance, Performance Guarantees etc.), 
which go hand in hand with this to ensure project success. Lurgi is operating in a
competitive market, therefore all engineering design must be carried out with strict 
financial constraints.
In relation to the EngD conference, its success was partly due to good project 
planning and control, with attention to minimising the overall cost.
The ability to apply skills and knowledge to new and unusual situations.
As the UK adopts the new, holistic requirements o f the IPPC directive I intend to 
apply my knowledge of Life Cycle approaches to aid the choice of Best Available 
Techniques (EC definition), thus achieving a high level o f protection of the 
environment as a whole. It is my belief that this should be done on a case specific 
basis with each site being treated as unique, and thus requiring individual assessment.
The ability to seek optimal solutions to complex and unusual engineering problems 
and to search out relevant information sources.
The number o f factors on which a processing plant must be assessed is increasing 
rapidly. The additional requirements under IPPC are a testament to this. In finding 
the optimal solutions (BAT) for a given site, all factors need to be accounted for. My 
future work on LCAs will require skill and judgement in assessing the various 
environmental impacts (e.g. Global warming potential. Acidification potential etc.) to 
give a well balanced solution. I look forward to the discussions on this issue which 
will be presented in November through the IChem^ cyber-conference, 
Environment97.
I have demonstrated my ability to search out relevant information sources through the 
compilation of an extensive literature review titled ‘Atmospheric Pollution 
Legislation: Glass Furnaces - A case study’. This activity will be ongoing as 
legislation evolves.
Appendix B
Paper presented at the EngD annual 
conference, at the University of 
Surrey, 16-17^  ^September 1997
Appendix C
Slides of the presentation given at 
the EngD annual conference, at the 
University of Surrey, 16-17^ ^
September 1997
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\Appendix D
The research engineers initial 
response to the consultation paper
‘UK implementation of EC 
Directive 96/61 on Integrated 
Pollution Prevention and Control’ 
circulated, July 1997
The REs comments are printed in an italic 
typeface.
Thf. TPPC Directive
6 The IPPC Directive requires Member States to prevent or, where that is not possible, to 
reduce pollution from  a range oPindustrial and other mstallations, by means of an integrated 
permitting process based on the application of "best available techniques" . The integrated 
approach takes a wide range of environmental impacts into account - emissions of pollutants 
to* air, water and land; energy efficiency; consumption of raw materials; noise and site 
restoration - with the aim of achieving a high level of protection for the environment as a 
whole. Permits must take into account local environmental conditions at the site concerned; 
its technical characteristics and its geographical location. Conditions must be included to 
address any transboundary pollution from an installation, and also to ensure, where 
necessary, that any environmental quality standard laid down in Community legislation is not 
breached.
p2 s6 As permits must take into account local environmental conditions: technical 
characteristics and geographical location then blanket specification o f  BAT is not 
appropriate. It will be necessary to choose a BAT on a case specific basis from  
previous shortlisted techniques. Therefore, some sort o f  new assessment technique 
wAfc/z /ooAj Of fAg zjjzfgj /g??zzjjzonj, g^ zgrgy, m^ zfgrW co/zjwmprzofz, Mozjg a/z^ f jzfg 
end o f life etc.) will be needed. A streamlined LCA?
9. On the other hand, there are some important differences between the IPPC Directive and 
ÎPC, the principal ones being as follows:
- IPPC will apply to a much wider range of installation's than are currently covered 
by IPC. A provisional estimate prepared by the EA of the numbers of installations 
which the Directive will cover is at Annex A;
- the range of environmental impacts which must be considered by the permitting 
authorities under IPPC is wider than for IPC. This is discussed further at paragraph 
15 below;
p3 s9 po in t! As the environmental impacts to be assessed are wider than fo r  IPC ' 
then BPEO assessment will have to be modeled accordingly. Again pointing towards 
a Life Cycle approach. ^
- the Directive allows for the possibility that more than one regulator might be 
centrally involved in operating IPPC for any given installation, and indeed, that IPPC 
might operate through multiple, coordinated, permits. The possibility of a 
“Coordinated Pollution Control” regime involving more than one regulator is 
discussed further at paragraphs 29 to 38 below;
p4 s9 point4 I  think that allowing more than one regulator will be too 'messy ' e.g. 
allowing glass to remain with L4APC. In addition I  don 7 think Local Authorities will 
have the experience to enforce an IPC type framework o f  legislation. Eventually, I  
think the EA will be sole regulator fo r  IPPC processes but there may be a handover 
period, phased in such a way as to allow the EA to expand to cope with the new 
processes. The 'CoordinatedPollution Control' approach was left when HMIP, NR.4 
and waste regulators became the EA.
- there is provision in the IPPC Directive for an "information exchange” about best 
available techniques involving M em ber States and industry, to be organised by the 
Commission. Fuller details are given at paragraphs 24 to 27 below; and
p4 s9poin ts 'information exchange ’ i.e. Best Available Techniques Reference 
Documents (BREFs)
p3&4&5 There is much focus on how IPPC is similar to or differs from  IPC but not 
much on processes currently under LAAPC. To these processes there will be even 
greater change from  present regulation!
In addition, since IPPC subjects whole installations, rather than processes, to control the 
remaining pans o f installations where an IPC process is located will come under control 
m some cases for the first time._ However, the Directive contains a specific definidon of 
an ‘mstallation , and it seems unlikely that in all cases this would result in all activities 
earned out by an operator on the same site as his or her IPPC process becomin» subject 
to control. The test wiU be whether or not the other activities are directly associated 
have a technical connection with, and could have an effect on emissions and pollution 
from the installation. In  the Government’s view, for example, fuel storage facilities and 
abatement equipment associated with a combustion process serving a car making plant 
would be mcluded in the “installation” , but the production line its“elf would not°
p5  s i !  So a (Lurgi) gas cleaning plant ynUfall under the concepts o f  IPPC include 
Energy and raw material consumption (End o f  plant life site clean-up etc. is 
operator's responsibility - p 7  s i 5 point 1)
So fo r  example, a cullet preheater may be considered better than a radiating duct on 
an energy basis. Also, in terms o f  raw material consumption, will a more efficient 
semi-dry process be considered better than a dry process? These issues will come out 
in BREFs but we should address them.
- energy efficiency. Another of the general principles in Article 3 is that energy 
should be used efficiently. The competent authorities responsible for issuing 
permits w ill be required to take account of this principle when determ in in g the 
conditions o f these permits. The consumption of raw materials and their energy 
efiiciency is also one of the factors to be considered when determining BAT. "The 
level o f improvement in energy efficiency to be secured by installations will, as 
with other improvements required by the Directive, need to take into account costs 
and advantages, but as a minimum, it is likely that operators will be required to 
take up all energy efficiency measures which are cost effective on normal 
commercial criteria. Alternatively, it could be argued that the balance of costs and 
benefits m ight suggest that operators should be required to go further than 
iinplementmg cost effective measures. In addition, the requirement to take energy 
efficiency into account means that regulators will not automatically penalise 
measures which involve combustion on site rather than remotely (such as 
combined heat and power or the use of processes which are driven by fuel rather 
dian electricity) where such processes lead to higher emissions from the 
installation itself. Finally, the government is exploring the concept of "Negotiated 
Agreem ents” as one of a number of instruments to achieve enhanced energy 
efficiency more cost effectively. It is currently discussing a pilot project with the 
chemical industry and is having general discussions with the Environment Agency.
p j s h  point!, en er^ . With regard to glass manufacture I feel that most o f  the cost 
ffective measures fo r  energy saving that are technically viable have been 
implemented. This is especially so in the glass industry where large quantities o f
Combustion on site, CHP or fu e l rather than electricity - a Life Cycle perspectivel
- accident prevention. The directive requires competent authorities to take 
account of the need to prevent accidents and to lim it their consequences when they 
do occur. Many of the installations covered by IPPC will also fall within 
Directive 96/82/EC on the Control of Major Accident Hazards (COMAH) which 
will replace the existing Seveso Directive (82/501/EEC) in February 1999. The 
requirements of the COMAH Directive include the submission of a Safety Report 
to the competent authority (in Great Britain the jo in t competent authority will be 
the Health and Safety Executive, the Environment Agency and SEP A). The 
COMAH Directive allows information which has been collected for other purposes 
- for instance, to satisfy the competent authority responsible for issuing an IPPC 
permit that the necessary safety measures and systems were in place - to be 
submitted again as all or part of the Safety Report, where the requirements of 
COMAH can be fulfilled by doing so. Similarly, A nicle 6 of IPPC allows 
information which has already been prepared as a Safety Report to double as the 
relevant part of an IPPC application;
p8 s i 5 point 4 Will a safety report under COl/LAH have to be produced by contractors 
when bidding so that authorisations (which cover abatement equipment) can be 
issued?
19. Clearly, in transposing the Directive, it will be necessary to require operators to 
notify the competent authority of all changes to their installations which may have 
consequences for the environment. It will also be necessary to transpose the requirement 
in respect of substantial (negative) changes to existing plant which will apply during the 
transitional period to 2007. The G overnm ent w ould welcome the views of consultées 
on whether fu rth e r changes to  the arrangem ents fo r  consultation w here changes to 
installations are p roposed  would be welcomed. In  p a rticu la r, should all substantial 
changes (requiring varia tions to conditions) w hether positive or negative for the  
environment rem ain  subject to public consultation? It can be argued that the 
requirement for public consultation over changes w ith positive effects on the environment 
discourages such changes (although it is imponant not to confuse arguments of principle 
with arguments about the charging regime!).
p i  0 s i 9 Should all substantial changes (positive or negative) remain subject to 
public consultation?
My personal view is yes. Fitting a gas cleaning plant to a process can be seen as a 
positive change so there is a case fo r  no consultation. However, what i f  the lime 
delivery lorries have to drive through a small village? Complaints may arise and the 
change (to the villagers) is actually negative. Therefore from  whose perspective 
should the change be viewed? This is especially important as noise and vibration are 
part o f  IPPC. In addition changes will have to be assessed to ensure that the change 
will indeed improve the environment as a whole.
21. The IPPC Directive also requires permit conditions to be reviewed, but does not 
specify how frequently this is to be done. The UK therefore has the option of chansin^ 
the frequency with which permits are reviewed, if it wishes to do so. The G overnm ent 
would welcome the  views of consultées on w hether, once the first round  of four- 
yearly reviews is com plete, the period between reviews should be extended, and  if so, 
w hat m ight be a reasonab le  period betw een reviews.
S'“f™sss=H5=~;four years IS sufficient. ^  ^
The “information exchange” about best available techniaup< and related Tnarr^rc
25. In order to discharge this requirement, the Commission has established an “IPPC 
Information Exchange Forum ” on which all M ember States are represented. Industry, in 
the form of European trade associations under the um brella of the employers' organisation 
confederation known as UNICE, and NGOs, in the form  of the European Environment 
Bureau, also attend meetings of the Forum. The principal task of the Forum will be to 
comment on draft “BAT reference documents” prepared by Technical Working Groups, 
to cover the industrial sectors falling within Annex I to the Directive. The reference 
documents will describe the levels of environmental performance (emission levels, raw 
materials and energy consumption, etc) which can be achieved through the use of the best 
available techmques for each sector. It is not expected that the documents will contain 
significant economic analysis, but that this will be left to Member States.
p l l  s25 BAT reference documents.... The technical working groups will surely have 
to consult industry and contractors etc. to establish what techniques are available and  
to ensure new, novel technologies/techniques are considered.
\
26. The information published by the Commission in these BAT reference documents 
will serve two purposes. First, Member States’ competent authorities will be required to 
take it into account when determining what are the best available techniques either for a 
sector, or for an individual installation. This does not mean that the reference levels of 
environmental performance described in the Commission’s notes will function as emission 
limit values. What can be achieved through the use of the techniques described will 
simply have to be taken into account. The final decision of the competent authority as to 
what are the best available techniques will remain, as at present, a site specific one, 
taking costs and benefits at the installation level fully into account.
p l l  s26 BREFs and member states... I f  a technique is not in a BREF then there is 
still room to negotiate at national level as BREFs are f ir  guidance only. Point c, 
Article 2 o f  the directive states that all the appropriate preventative measures should 
be taken against pollution. Therefore, i f  the working groups decide that glass furnace 
gas cleanup is BAT (i.e. that the energy used doesn't do more arm than good) then the 
EA would fin d  it incredibly difficult to be persuaded by British Glass not to f i t  gas 
cleaning equipment. This can only be decided using a detailed LCA with localised  
electricity type.
27. However, the information published pursuant to article 16(2) can potentially lead to 
the setting of Community-wide uniform emission limits through a daughter directive to 
IPPC, if the Commission perceives a need to propose such a'directive. The Government 
believes that such proposals should be the exception, rather than the rule, since uniform 
emission limits are fundamentally in tension with the site specific approach involved in 
true integrated permitting. Any emission limit proposed by the Commission would need 
to be negotiated in Council and the European Parliament like any other Directive.
p l l  s271  think that i f  British Glass persuaded the EA fo r  no flue gas cleanup and 
French furnaces continued to get away with it then tight blanket limits would be 
applied as under section 27.
31. If it is decided that a form of CPC should be introduced, there may also be a case 
for considering whether some less complex processes currently regulated imder IPC 
would be subject more appropriately to the coordinated approach. The aim of any CPC 
resime would be to minimise disruption for industry by retaining existing controls, but 
overlaying them with procedural linkages to ensure adequate coordination and integration 
of the permit conditions.
p i  2 s31 It sounds like CPC would create even more work fo r  the regulating 
authorities. The regulators are already stretched to the limit, so trying to make do 
with CPC and existing resources w on’t work.
33. The level of coordination that would be necessary suggests that one regulator 
wôuld need to be designated the Tead regulator’, for the purposes of coordinating the 
procedures. This would also provide a single point of entry into the system. Itlmplies 
that a single application would be made, with copies sent to other designated regulators.
■ Proposed decisions would need to be discussed between regulators to the extent necessary 
to ensure optimum integration and there would probably need to be a legally binding 
requirement for mutual consultation and for each regulator to take into account the views 
of the other regulators. There would additionally need to be a mechanism to resolve 
disagreements between regulators whose requirements were in conflict in order, in the 
terms of Article 1 of the directive, “to achieve a high level of protection of the 
environment taken as a whole”. The extent to which there will be a potential for such 
conflicts will depend on whether the sector in question gives rise to multi-media releases 
and is susceptible to a BPEO analysis. This would need to be a consideration in deciding 
which categories of installation should be subject to any CPC regime.
p i  2 s3S As Î sa id  before, CPC sounds very messy. s33 states that the potential fo r  
conflicts will depend on whether the sector in question gives rise to multi-media 
releases. Well, g lass furnaces, traditionally controlled under LAAPC (air only) have 
potential fo r  releases to land (precip dust) and water (scrubber effluent) p lus noise 
and vibration and energy consumption. Also, BPEO will no longer be emission 
focused, what about raw  material consumption? Also, the permits w ill cover fuel 
storage etc. which is alien to LAAPC.
37. The suggested scheme of CPC bears some similarity to the arrangements under 
which IPC was operated in Scotland prior to the formation of SEP A in 1996. 
Responsibility was shared between Her Majesty’s Industrial Pollution Inspectorate and the 
river purification authorities, with the lead regulator for any given type of process being 
decided according to criteria set down in regulations. These arrangements proved 
somewhat cumbersome, and necessitated the agreement of a detailed Memorandum of 
Understanding between the two regulators. The case for any arrangement similar to CPC 
is greatly reduced in Scotland, since SEP A has now taken over regulation of all the air 
emissions of processes formerly regulated by local authorities in Scotland.
p l3  s37 Yes! CPC is cumbersome. As SEP A has taken over everything why not use 
the period o f  IPPC change to do the same in England and Wales to make the EA the 
sole regulator fo r  IPPC.
Improving,..the.Effectiveness of the Integrated Pollution Control Regime rand CPC, if ir is
inrroduced). -
j9. The Government would welcome views on four suggestions for changes to the 
present control regime;
- ^ future, BAT/BATNEEC decisions in respect of installations covered by 
IPC should be taken on the basis of a judgment of costs and benefits alone, 
without taking into account the “affordability” of any measures required for a 
typical business in the industrial sector in question, as is done at present;
- that the Environment Agencies (and other regulators, if they are involved in 
implementing IPPC as a result of CPC arrangements) should produce sector- 
specific guidance which gives a clear picture of the indicative standards of 
performmce to be expected from installations, and the timetables over which 
existing installations are expected to be upgraded to meet the standards relevant to 
them. Such guidance should also include an explanation of the analysis of costs 
and benefits which has led the regulator to propose the indicative standards and 
upgrading timetables described;
- that operators who apply for permits under IPC should have to justify any 
proposed departures from the indicative standards and guidelines suggested by the 
regulator in its guidance notes, and that the regulator should have to justify on the 
public register why it has accepted any such arguments.
- that the Government should consider making use of the flexibility, which the 
IPPC Directive allows to introduce general binding rules, rather than deal with all 
aspects of a polluting installation through permit conditions.
p l4  s39 re: B A T - available, including costs (EC definition) .... Therefore should 
take account affordability fo r  a typical business in each industry sector, but once 
techniques are decided individual business's shouldn V use cost as an excuse fo r  non 
compliance.
Guidance with an upgrade timetable is a good  idea. It gives business a  chance to 
plan.
NB, this consultation is expecting that processes will have to upgrade. This suggests 
more stringent regulations are expected - that could either be due to the extra 
considerations or because o f  more stringent emission limits as well.
point 3 - it should be necessary to demonstrate that deviance’s from  the guidance give  
better (and not worse) protection o f  the environment.
General binding rules are a bad idea. Each process should be assessed on a case 
specific basis.
44 The Government would therefore welcome views on the following three options:
(i) retain sectoral affordability, as at present (and as allowed by the IPPC 
Directive), accepting that”the retention of this criterion may result in a lower 
than ideal level of environmental protection in those cases (the majority) 
where there is no constraint on UK emissions in international legislation; or
(ii) immediately abandon this criterion, on the grounds that this is 
theoretically the best option; or
(iii) given that there may be currently some areas of weakness in regulators’ 
ability to make sound judgments about costs and benefits, phase out the use of 
the criterion over a number of years as the regulators’ knowledge and 
expertise becomes sufficient to the task,
p i  6 s44 Option (iii) sounds most likely. The cost o f  environmental improvement 
needs to be shouldered by the whole population. This can be done by general 
taxation, like VAT, subsidising industrial improvements (lots o f cash loss to the civil 
service) or by allowing industry to pass on the costs. Î  favor the latter (this promotes 
energy efficiency and efficient resource use). But it would require a long time fo r  
stabilisation. Besides, with the new criterion fo r energy conservation industry should 
find  financial benefit from  environmental improvement so many changes would not 
need subsidising.
The long term aim should be to move towards the Best Environmental Option fout it is 
often not clear what this is). This has happened since the first legislation came 
through, regulations have gradually become more stringent giving better 
environmental protection  and the costs have been spread out. Instant move to BAT 
would be too much o f  a shock.
47. A further improvement to the transparency of IPC would involve the regulators in 
publicly justifying any departures from their own guidance note standards which they mav 
decide to authorise in particular cases, having first received cogent reasons from the 
operator as to why this should be done. Because IPC is - and IPPC will continue to be - 
a site specific system of control, a considerable number of individual permit decisions are 
likely to differ in some way - if only minor - from the indicative standards set out in the 
relevant guidance note. It is important that the reasons for such differences are 
documented, to enable the public to have confidence in the effectiveness of IPC. These 
reasons are currently documented by the regulators, for their own internal purposes. The 
Gcv emment would welcome views on the merits of requiring operators to justifv any 
departures from guidance note indicative standards or upgrading timetables in their 
applications, and then making public the reasons behind regulator’s decision whether 
or not to accept such an argument. The Government will also expect the Agencies 
to provide aggregated data to enable those at the centre of IPC operations tcTsee the 
extent to which process guidance note indicative standards are being applied in the
7 ft q/fen nof c/ear exact/y wAa/ zj BXTf/zere rooz?z/or
deviation from  the guidance notes e.g. to allow introduction o f  new techniques. In all 
cases It should be necessary to prove the environmental worth o f  the option chosen 
using a holistic approach o f  assessment.
General binding rules
48. A further oppominity to reduce the costs of regulation without compromising on the 
quality of permitting decisions might involve the introduction of general binding rules 
such as are used on the continent for some types of process. The IPPC Directive requires 
that each installation makes an application for its own individual permit, but allows that 
some or all of the conditions in that permit may be replaced by such general binding 
rules. General binding rules would involve identical conditions for similar installations, 
set out in regulations. In the Government’s view, this is a promising approach to the 
regulation of a number of those installations which are new to IPC, in particular pig and 
poultry installations which tend to be fairly homogeneous. However, there may also be 
scope for the partial replacement of individually negotiated permit conditions with general 
binding rules for other types of plant, where there are obvious minimum precautions 
against pollution which should be taken by all operators of a particular type of 
installation. The Government would therefore welcome views on:
- whether permitting based mainly on general rules contained in freestanding 
regulations appears to consultées to be an appropriate means of regulating 
certain installations, such as intensive farms; and
- whether there is scope for general rules replacing some, but not all, of the 
permit conditions currently negotiated at site level for other installations.
A system in which general binding rules were used ought in principle to provide an
opponumty for more cost effective and transparent regulation, as well as a level playing 
field between similar installations. However, the Government is anxious not to jettison 
the site specific BPEO judgments which are a key feature of IPC. In order to ensure that 
these judgments can still be made, and to take account of any variations in conditions 
from one installation to the next, the Government would like views on the merits of an 
"opt out” from general binding rules whereby either the regulator or the operator misht 
ask for customised treatment because of particular, site specific features. Consultées Ire 
therefore asked:
- whether any system of general binding rules ought to include an opt out, and 
if so, whether both regulator and regulatee ought to be able to opt out.
p i  7/18 General binding rules
re: limits I think that these should only be used to give abaseline i.e. the minimum 
environmental protection expected. It should be clear that these are not the limits and  
tighter limits should be adopted using site-specific assessments.
re: techniques General binding rules should not be drawn up fo r type o f  technology. 
Types o f  technology/technique should be recommended as BAT but the decision made 
on a site-specific (case specific) basis.
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1.0 Introduction
The purpose of this report is to highlight the progress made in the period 1/10/97 to 1/4/98 
concerning the research project carried out by M.J.Nicholas. A discussion of progress will be 
followed by a brief description of the modules and then an outline of future work. The reader 
is referred to appendix A, which highlights the principal contributions made towards 
demonstrating competence in the key areas listed in section 4 .4 .1 of the Environmental 
Technology EngD course handbook.
2.0 Previously stated research goals
The following statement was made at the end of the last six monthly report. It outlined the 
requirements for research. In the past six months the RE’s work has made large contributions 
towards these goals.
a
In order to meet the overall objective of application of appropriate 
methodologies to identify the Best Available Techniques for the glass and waste 
to energy industries the following goals need to be achieved:
Development and use of Life Cycle Assessment methods to analyse techniques 
and technologies (including an investigation of deNOx techniques) and thus 
determine BAT on a case specific basis.
Process optimisation and modelling of Lurgi gas cleaning systems (to be focused 
on once BAT is established)
Follow developments in legislation and in particular the UK’s adoption of the 
IPPC requirements.
It has been recognised that simple application of LCA to a given industrial 
situation can no longer be seen as novel. Further contributions to knowledge will 
therefore come from linkimg LCA to specific legislative requirements, 
performing streamlining work to enable LCA to become an accessible tool for 
replar, case specific use in industry and promotion of the use of Life Cycle 
thinking in the process of drafting legislation.
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3.0 Progress achieved during the past six months
3.1 Controlling Industrial Emissions - Poster and Paper
Controlling Industrial Emissions - Practical Experience was a two-day international 
symposium organised by the Institution of Chemical Engineers. It was held at the 
Commonwealth Institute, London on 3-4 November 1997. At the conference the RE 
presented a paper as part of the non-refereed, open invitation poster display. In addition the 
RE wrote a report of the conference (see section 2.6).
The poster (see appendix B) presents a diagrammatic representation of the holistic nature of 
new European legislation and the need to use Life Cycle Assessment (LCA). The first half 
depicts the scope covered by the IPPC Directive and Directives focusing on Producer 
Responsibility. The novelty of this section comes from the fact that it uses a typical life cycle 
diagram, upon which the scope of the two areas of legislation is mapped (Life Cycle Policy 
Mapping - LCPM). It clearly indicates that IPPC has influence over the ‘cradle-to-gate’ 
stages in a product s life, whilst producer pesponsibility has influence over the ‘gate-to- 
grave stages (maybe this should be ‘grave to gate’ as products will be diverted from the 
grave and returned to the gate). In the example illustrated (a glass container) there is no 
legislation covering the use phase. Some products may be, or may soon be covered by 
product oriented policy which results in control of the entire life cycle (e.g. CFCs protocol). 
This work is developing a thesis that policy makers, when setting targets for reduction/reuse/ 
recycling/recovery or when setting emission limits, must investigate the effects of their 
actions on other areas of the life cycle.
The second half of the poster focuses on IPPC and, as highlighted in the paper, the need to 
replace the current BPEO assessment with a methodology based on the life cycle approach. 
Not only does BPEO focus solely on site specific factors, but it is also emissions focused. 
IPPC requires a much wider scope for consideration and LCA is a suitable tool to meet those 
requirements.
The paper which appeared in each delegate pack (but not the proceedings) was fundamentally 
the same as the paper presented at the EngD annual conference. However, as indicated bv the
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notes in appendix C, a few alterations were made. These were due mainly to growing 
expertise and recognition of some important differences which IPPC may initiate. For 
example, although the founding principle of the BPEO assessment was to ensure the least 
environmental damage overall, the RE feels that, as the methodology does not achieve this 
goal, any new methodology under IPPC should be introduced under a new name. Simply 
introducing a new methodology under the old name of BPEO assessment may confuse an 
already complicated situation. Thus, throughout the paper, it has now been stressed that there 
are differences between BPEO and possible future BAT assessments under IPPC
J.2 Legislation s Going Holistic - Article for 'The Chemical Engineer’
This short article (see appendix D) was recommended for publication in The Chemical 
Engineer. After its submission, the RE was interviewed and the article is currently pending 
publication. The theme covered builds on the idea of ‘cradle to gate’ - ‘gate to grave’ 
holistic legislative control. Using the diagram presented at Controlling Industrial Emissions 
the article introduces the reader to new and forthcoming Producer Responsibility and IPPC 
legislation and the role of LCA. It is also highlighted that one of the challenges facing future 
policy makers will be to establish co-ordination between different policy areas to ensure 
protection of the environment as a whole. This co-ordination can be achieved by adopting a 
Life Cycle perspective. During the writing of this article the RE moved away from 
considering only the glass industry to dxpand the thesis to the process industry as a whole.
3.3 Discussion of the IPPC Second Consultation Paper
This discussion should be considered as a ‘first impressions’ or ‘brainstorming’ exercise. It 
discusses the RE's opinions concerning the main issues raised by the second consultation 
paper on the UK implementation of IPPC. In the area of policy research it is important that 
the RE keeps abreast of current opinion. The RE is achieving this by engaging with the 
policy making process through involvement in the consultation process.
3.4 BAT Assessment under the IPPC Directive - Draft Paper
The draft copy of this paper can be found in appendix F. The paper is intended for 
submission to a referedd journal, possibly TransB IChemE.
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Building on past concepts of LCA for BAT assessment, this paper can be divided into two 
main themes. The first section demonstrated the expanding scope of pollution control 
legislation for industrial processes. This is possibly best illustrated by the tiered cone 
diagram on page 4. The second half of the paper begins with an introduction to LCA. It goes 
on to link the expanding scope and requirements of legislation to LCA and the requirements 
for holistic assessment tools. The paper then goes on to give an outline of a ‘cradle to gate’, 
stre'mlined LCA for IPPC BAT assessment.
It IS hoped that this paper will be the starting point for further, more detailed discussion on 
the issue.
3.5 Glass Opportunities - Abstract to be presented
The abstract to be found in appendix G outlines the contents of a presentation to be given by 
the RE at the Spring Meeting of the Society of Glass Technology to be held at The 
Dunkenhalgh Hotel, Accrington, Lancashire, 13-15 May 1998. The theme of the meeting 
will be ‘Glass opportunities - The Challenge of Waste Management’. The presentation will 
be used to introduce the potential of LCA for meeting the requirements of the legislation 
covering the glass industry. There will be specific reference made to waste management. 
Importantly, this presentation will give opportunity for peer review and feedback from the 
glass industry. In addition it will be an important step in the networking process.
J.6 Controlling Industrial Emissions - A Report of the Conference
As mentioned previously, the RE attended the IChemE conference on Controlling Industrial 
Emissions. In addition to presenting the poster and paper, the RE was invited to write the 
report of the conference (see appendix H for reference details). The conference gave the RE 
invaluable experience regarding moves towards sustaianability in the process and 
manufacturing industries. As summarised:
Controlling Industrial Emissions has highlighted that through the adoption of EMSs, the 
de\ elopment and implementation of cleaner technologies and the trend for a more holistic, 
life-cycle perspective, the process and manufacturing industries are leading the way in 
environmental practices, moving towards sustainability.’
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In addition to aiding the process of ‘networking’, the exercise provided the RE with a good
opportunity to practice the précis and collation of vast quantities of information into a 
reasonable length working document.
3.7 Book Report for The Chemical EngineerfTCE)
Having submitted an article for publication in TCE (see 3.2), the RE was invited to review a 
new book relating to his field of work (appendix I). British Environmental Policy and 
Europe gave the RE a fresh insight into the policy making process.
J.8 Design manual and spreadsheets for Gas Cleaning Technology
Work IS continuing with respect to the transfer of design procedures to Lurgi UK. At present 
the RE and his supervisor are working on the integration of process design spreadsheets 
(created by the RE) and cost estimation spreadsheets (created by the RE’s supervisor). This 
will result in a single design program which will be accompanied by a design manual, thus 
enabling efficient preparation of proposals by the company.
4.0 Progress Meetings Held
Over the past six months two main progress meetings were held:
1 2* November 1997 and 13* January 1998
The minutes for these meetings can be found in the portfolio section titled ‘Record of 
Progress Forms’.
5.0 Discussion of modules
5.1 Module 7 - Cldan Technology and Sustainability
The Clean Technology and Sustainability module served to fuse together many different 
conceptual strands which had been picked up during the RE’s first year. In the coursework 
the RE describes this as a ‘merging of mindsets’. The module gave an excellent overview of 
the subject, although it was lacking in the discussion of policy take-up of the sustainability 
issue. As a whole, the module and the reflective nature of the coursework enabled the RE to 
gauge his progress in the field and motivated him in future research.
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5.2 Risk communication
Aided by an investigation of the public inquiry for the Heathrow Terminal 5 project, this
module highlighted the need to build the communication process around sociological factors.
The RE learned that industry needs to approach risk with a long term view, realising the
importance of nurturing a continuous relationship with the public to maintain an ongoing
trust building process. The public’s perception of risk is not built overnight from facts
cornmunicated at a public enquiry, or ‘advertised’ in a company’s environmental brochure.
Rather, those perceptions are socially constructed over time by a complex network of claims
making. Thus, more effort must be invested in understanding the social, political and cultural 
processes in which risks are defined.
6.0 Future research goals
In the outline for the project it was stated that the RE should transfer design procedures from 
Lurgi Umwelt to Lurgi UK. To complete this task the first objective for future work is:
• Complete a design manual to accompany the design procedure for the Lurgi 
process for cleaning glass furnace waste gas.
Once the design procedurd has been fully implemented into Lurgi UK it can be used to design 
imaginary gas cleaning plants for various emissions limits, thus enabling the assessment of 
the BAT (EC Definition) for glass manufacturing. To enable this the RE will:
• Perform LCA work as specified in the paper ‘BAT assessment under the IPPC 
Directive to discover which emission limits and which techniques provide the best 
protection of the environment as a whole for glass manufacturing. This work will 
include an investigation of the health effects of particulates.
The RE will then begin his transition into the field of waste management, initially by an 
investigation of the proposed Landfill Directive. The timetabling for this research is 
presented in the gantt chart and year planner in appendix J.
Appendix A
A demonstration of the acquisition of 
the EngD competencies
Appendix A 
Competencies of a Doctor of Engineering
Highlighted below are some of the contributions I have made in the period 1/10/97 to 1/4/98 
towards demonstrating competence in some of the key areas listed in section 4 .4 .1 of the 
Environmental Technology EngD course handbook for the academic year 1996/7
Expert knowledge of an environmental engineering area.
The RE’s existing knowledge has been strengthened by continued involvement with 
both gas cleaning technology and environmental legislation for the process industry.
Innovation and contribution to knowledge in the development of Environmental 
Technology.
The has now reached a stage where he is making significant contributions to 
knowledge within the field of industrial environmental legislation. Sections 2 .1-2 .5  
of the main report discuss the work, which includes an article for The Chemical 
Engineer which is pending publication, a draft copy of a paper to be submitted to a 
refereed journal and the abstract for a presentation at the Spring Meeting of the 
Society of Glass Technology. The research to date has focused upon the holistic 
nature of legislation and the role LCA has to play in meeting the policy goals.
The appreciation of the industrial context of environmentalengineenns.
Within the policy making arena, the environment is steadily progressing towards 
becoming a high priority area. Industry is being constantly reminded to take the 
initiatives and get actively involved with the policy making process. Through 
expenence within Lurgi UK and Lurgi Umwelt, the RE has become well aware of tL 
vast market opportunities for the environmental industry sector. It is also vitally 
important that this sector keeps abreast of policy moods and requirements. For 
example, a company specialising in end-of-pipe technology will soon be overtaken by 
those developing clean technology.
Project management skills
In addition to constant development of these skills through the research project the RE 
demonstrated successfully his competence as a project manager in his elective 
module. A grade of 10 was given for the RE’s role within the management team.
Oral and written com m unication sk ills.
The ability to assimilate large quantities of data and present this as summary reports 
has been demonstrated both through the Controlling Industrial Emissions conference 
report (appendix H) and the book report for The Chemical Engineer (appendix I)
The ability to apply skills and knowledge to new and unusual situations.
Whilst the IPPC directive maymot be that unusual (though to some the concept of the 
control of off-site factors is veqy unusual!) it is certainly new. The RE is continually 
applying his knowledge to analyse and discuss the developments as the UK adopts the 
Directive’s requirements.
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Tliere is a need to use Life Cycle approaches to assess 
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M .J.Nichoias 
Lurgi (UK.) Ltd
Environmental and Economic Assessment 
IPPC - The Holistic Approach
EPPC will require holistic 
assessment o f  process techniques 
but the current BPEO method o f  
assessment is site specific and 
emissions focused.
Life Cycle Assessment (LCA) is a process to 
evaluate the environmental burdens associated 
with a product, process or activity by identifying 
and quantifying energy and materials used and 
wastes released to the environment; to assess the 
impact o f  those energy and material uses and 
releases to the environment; and to identify and 
evaluate opportunities to effect environmental 
improvements.
[SET.AC, 1993]
The European Commission will publish technical guidance on industrial processes 
in their 'Best available techniques REFerence documents' (BREFs). Life Cycle Assessment 
can be used in association with socio-economic considerations in order to compare the 
alternatives, thus giving the most appropriate technique for the installation concerned.
M .J.Nicholas 
Lurgi (UK) Ltd
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1 The glass manufacturing process
The process of manufacturing glass involves heating up the batch of raw materials 
(mainly silica, lime and soda) to 1400 - 1600=C. and maintaining that temperature to 
allow the homogeneous formation of the glass. Pfaender (1996) describes the process 
by which the raw materials of the batch are heated and converted into glass in a 
continuous process. The materials are introduced into one end of the furnace (the ‘dog 
house ) and float on the surface of the molten glass, which is contained within a
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r e f r a c t o r y  t a n k .  A s  m o r e  r a w  m a t e r i a l  i s  f e d  in .  t h e  f l o a t i n g  l a y e r  is  p u s h e d  in to  t h e  
m a m  b o d y  o f  th e  f u r n a c e ,  a t  w h i c h  p o i n t  t h e  m a t e r i a l s  s t a r t  to  m e l t  a n d  s i n k  in to  t h e  
m o l t e n  g la s s .  T h e  m e l t i n g  r a w  m a t e r i a l s  r e a c t  a n d  g a s  is  e v o lv e d  w h i c h  b u b b l e s  u p  
th r o u g h  th e  g l a s s  m e l t .  T h e  r e s i d e n c e  t i m e  o f  t h e  g l a s s  in  t h e  f u r n a c e  is  c a l c u l a t e d  to  
a l l o w  t im e  f o r  t h e  g a s  b u b b l e s  to  e s c a p e ,  t h u s  p r o d u c i n g  a  h o m o g e n e o u s  p o o l  o f  m o l t e n  
g l a s s .  A  la r g e  f l o a t  g l a s s  f u r n a c e  c a n  h o l d  u p  t o  2 5 0 0  t o n s  o f  m o l t e n  g l a s s ,  t h u s  
a l l o w i n g  a  r e s i d e n c e  t i m e  o f  s e v e r a l  d a y s  a n d  r e q u i r i n g  l a r g e  q u a n t i t i e s  o f  e n e r g y . ’
F i g u r e  I .  A  t y p i c a l  g l a s s  f u r n a c e  m e l t i n g  t a n k .  S o u r c e  : P f a e n d e r  ( 1 9 9 6 .  p .3 7 )
4 Qassrrclt
2 Emission sources within the glass industry
T h e 'p q l l u t a n t s  r e l e a s e d 'f r o m  g l a s s  m a n u f a c t u r i n g  p r o c e s s e s  a r e  m a i n l y  g a s e o u s .  T h e y
o c c u r  f r o m  th e  c o m b u s t i o n  o f  f u e l s  ( o i l  o r  g a s )  t o  h e a t  t h e  b a t c h  a n d  f r o m  t h e  e v o l u t i o n
o f  g a s e s  a n d  p a r t i c u l a t e s  f r o m  t h e  b a t c h  i t s e l f .  T h e  v o l u m e  o f  g a s  c r e a t e d  c a n  r e a c h
10 0 .0 0 0  N m ^ /h r  f o r  a  l a r g e  f l o a t  g l a s s  f u r n a c e .  T h i s  r e l a t e s  to  2 5 0 0  N m V to n n e  o f  . l a s s  
( D O E ,  1 9 9 4 ) .
T h e  m a j o r  c o m p o n e n t s  o f  t h e  w a s t e  g a s  s t r e a m  o r i g i n a t i n g  f r o m  f u r n a c e  f i r i n g ,  
i n c l u d i n g  th e  e .x c e s s  c o m b u s t i o n  a i r .  a r e :  n i t r o g e n ,  o x y g e n ,  w a te r ,  c a r b o n  d io x i d e !  
o x i d e s  o f  s u l p h u r  ( S O x ) . o x i d e s  o f  n i t r o g e n  ( N O x )  a n d  p a r t i c u l a t e s .
T h e  m a i n  e m i s s i o n s  f o r m e d  b y  t h e  m e l t i n g  p r o c e s s  a r e :  f i n e  p a r t i c u l a t e s  ( < 0  l u m )  
c a r b o n  d io .x id e  ( C O , ) .  S O x  . c h l o r i d e s ,  f l u o r i d e s ,  a n d  m i s c e l l a n e o u s  v a p o u r s .
L:\.bL
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Component
Concentration
Gas-fired* Oil-fired'Nitrogen (N-,)
Carbon dioxide (CO,)
Oxygen (0,)
Water (H,0)
Oxides of nitrogen (as NO,) 
Oxides of sulphur (as SO,)” 
Hydrogen chloride (HCl)' 
Hydrogen fluoride (HF) 
Paniculate matter
mg/Nm
mg/Nm
mg/Nm
mg/Nm
ms/Nm
2400 
850** 
30** 
8 * *  
130**
2100
3800
30**
8 * *
3 Current legislation - EPA90
The Environmental Protection Act 1990 (EPA90) forms the body of legislation for 
control of industrial emissions to Air and Land within the UK. though many processes 
with discharge to water are also included because of their potential to pollute either Air 
or Land. Glass manufacturing in the UK is a prescribed process under Part B of EPA90. 
I.e. It IS prescribed for Local Authority Air Pollution Control (LAAPC). Under EPA90. 
the Secretary of State has published guidance notes setting deadlines for meetin. 
specified emission limits (DOE. 1995a&b). The opening sections of the guidance note! 
highlight the objective to be met under section 7(2)(a) of EPA90-
‘....ensuring that, in carrying on a prescribed process, the best available techniques not 
entailing excessive cost (BATNEEC) will be used-
(i) for preventing the release of substances prescribed for any environmental medium
into that medium or. where that is not practicable by such means, for reducing the
release of such substances to a minimum and for rendering harmless any such 
substances which are so released; and
(ii) for rendering harmless any other substances which might cause harm if released 
into any environment.’
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Contained within the process guidance notes are the sections;
• Upgrading of existing processes
• Emission Limits and Controls
• Monitoring, Sampling and Measurement
• Storage and Materials Handling
• Chimneys, Vents and Process Exhausts
• General Operations
The limits laid out in the notes (Table 2 ) must be met by existing processes by October 
2 0 0 1  whilst new processes must meet the limits immediately.
Where the The
mass concentration*
emission should not
exceeds exceed
Sulphur oxides (as SO,) 
- gas fired furnaces
(mg/Nm^)
5kg/hr 750
- oil fired furnaces 5kg/hr 1750
Nitrogen oxides (as NO,) 5kg/hr ?700Fluoride (as HF) 50g/hr
Chloride (as HCl) 300g/hi 50
Bromide (as HBr) 300g/hr 50
Total particulate matter**
* mnrenfnafinmp tn __
0.5kg/hr 1 0 0
at present there is no distinction
Additional gaseous emission limits are given for 
selenium.
between differing particle sizes.
various specified substances such as
The emphasis throughout the process guidance notes is that of preventing or reducing 
the release to atmosphere of the listed pollutants. Specific methods by which this 
should be achieved are not discussed and it is up to individual furnace operators to 
choose a method of preventing or cleaning-up furnace emissions.
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4 European Integrated Pollution Prevention and Control (IPPC)
The greatest impact on the control of UK glass furnace emissions will arise from the 
inclusion of the glass manufacmring industry in the EC directive on Integrated Pollution 
Prevention and Control. The IPPC directive came into force on 14'^  October 1996 and 
must be adopted by EC member states by October 1999 (Council Directive 91/61/EC). 
It should be noted that IPPC will, as discussed below, surpass the requirements of both 
Local .Authority Air Pollution Control'(LA.APC)'and Integrated Pollution Control (IPC)'.
Under article u of the directive, plant operators will be obliged to adhere to the 
following principles in that:
 appropnate preventative measures are taken against pollution, in particular
through the application of the best available techniques;
b) no significant pollution is caused;
c) waste production is avoided; where waste is produced, it is recovered or disposed of 
while avoiding or reducing any impact to the environment;
d) energy is used efficiently;
e) the necessary measures are taken to prevent accidents and limit their consequences;
f) the necessary measures are taken upon definitive cessation of activities to avoid any 
pollution risk and return the site of operation to a satisfactory state.'
Consistent with the move towards sustainability, regulations under IPPC will require 
that glass manufacturing processes are assessed on a much wider basis than that set 
under EPA90. Unlike current L.A.APC. which is concerned only with emissions to 
atmosphere. IPPC requires the prevention or control of release of substances to Air. 
Land and Water, and the protection of the environment as a whole. This includes the 
efticient use of energy and conservation of raw materials in the prescribed process itself, 
the use of pollution control equipment and anv other directly assnriated activities whith 
ajechnical connection.' These objectives are not mentioned under L.A.APC. In addition, 
requirement (c) implies that attention should be paid to Life Cycle concerns.
Currently, under L.AAPC the choice of technology required for pollution abatement is 
decided on a site-specific basis with consultation between the glass furnace operators
\JC  •n ' j 
- T»— -.«Ü.
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and the controlling authority. Specific technologies have not been highlighted. General 
guidance has been published by Her Majesty’s Inspectorate of Pollution (HMIP) 
covering a wide variety of pollution abatement technology for paniculate and trace sas 
removal (HMIP, 1994). However, this guidance does not consider pollution abatement 
at source and focuses only on ‘end-of-pipe’ technologies with no specific 
recommendation for individual processes.
In contrast to the LAAPC approach, a selection of technologies will be recommended as 
Best Available Technique (BAT) for each specific process. In accordance with the 
Directive s principles, requinng the development and exchange of information at 
Community level, guidance will be given for each industry sector. The guidance will be 
in the form of ‘Best Available Techniques Reference Documents’ (BRBFs) and will 
cover a variety of state of the art techniques with information included with respect to 
the levels of pollution abatement each technique is capable of achieving (ENDS report 
268, May 1997). Il.will be the responsibilitv of individual member states to determine 
which of the recommended techniques should be used in any given specific case. '
UCAjbvC-
5 The role of Life Cycle Assessment in determining BAT and BPEO .
The inadequacies of current UK methodologies for the assessment of pollution 
abatement techniques were highlighted recently by the House of Commons 
Environment Committee’s report on the cement industry (ENDS report 269, June 1997). xppc eOi'tcA’uc;
ENDS cites that the current methodology for assessing the Best Practicable 
Environmental Option (BPEO) impedes the general duty to look at the environment as a 
whole. The existing BPEO assessment is criticized for several aspects, including the 
concentration exclusively on process emissions and exclusion of impacts from raw 
material selection, transport, off-site power generation and waste disposal. With the 
introduction of IPPC and its requirement for protection of the environment as a whole, it 
will be necessary to assess the environmental burdens caused by a process in a more 
holistic manner.
Life Cycle Assessment (LCA) is a tool which can be used to assess the environmental 
impacts of products, processes or activities using a holistic or “cradle to grave”
International Conference on Controlling Industrial Emissions
3-4 Novem ber 1997
approach. As highlighted, one o f the major drawbacks of the current BPEO assessment ' 
is that It looks solely at site specific process emissions. By using LCA, this issue would 
be solved as LCA goes further than looking at the waste streams from the processing 
stage. LCA provides a method for analysing the entire life of a product or service 
provided, including aspects such as resource depletion, transportation and product end 
of life. Above all, it is this all-encompassing environmental philosophy that makes LCA 
such a powerful tool, by ensuring that reduced environmental burdens at one point in the 
cycle are not met at the expense of a greater increase in burdens elsewhere.
Griass rnaiiufacruiirig pirocesses, falling under IPPC:, will t,e rec[uired to assess iiot oiily 
atmosphenc emissions but also wider impacts such as the quantities o f materials and 
energy they consume. In chosing BAT for a given process, it will be necessary to 
consider, on top o f the immediate releases to the environment, indirect environmental 
burdens such as those caused by energy generation. By using the cradle to grave 
approach provided by LCA, glass manufacturing can be assessed along with other 
processes to ensure that a high level o f overall environmental protection is provided.
6 Energy consum ption and glass recycling - A Life Cycle perspective
^  discussed in the section above LCA can be used to assess the impacts o f a process on 
Ae environment as a whole. This approach can also, along with Life Cycle thinking, be 
i^ ed  to guide other areas of legislation. This is best illustrated by examining container 
glass (packaging) and the producer responsibility regulations.
As indicated previously, glass furnaces consume large quantities o f energy in melting 
and refining glass. The UK average energy consumption for container glass furnaces is
6.2 GJ/tonne glass (DOE, 1994), which makes glass manufacturing the second largest 
consunier of eriergy after tlie Irori anci Steel industry. ()rie o f the iiiethods ty  whiclitlie 
quantity of energy required can be reduced is by introducing recycled glass (cullet) into 
the furnace. According to the DOE (1994), a glass furnace remelting recycled glass uses 
25% less energy than a glass furnace making glass using raw materials.
t) i
icvc.es cfLc'
■pür-*—noLoaj k
cLs^ '.r^ '^
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The energy savings achievable by recycling glass have been acknowledged at both EC 
and UK. levels. The UK Producer Responsibility Obligations (packaging waste) 
Regulations (1997) have now been introduced and set a target of reclaiming 50% of 
packaging waste, with a minimum recycle rate of 25%. This will have major impacts on 
the glass container manufacturing industry which accounts for 66% of total UK glass 
production (DOE, 1994). The producer responsibility regulations are an example of 
legislation which has been drawn up with the aim of reducing energy consumption and 
emissions within the glass packaging manufacturing process, but this also imposes 
legislation on other members in the supply and collection chains. In assessing the effect 
of such legislation a holistic, Life Cycle approach needs to be adopted.
Yigure 2. A simplified Life Cycle diagram for a glass container
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The Life Cycle of a glass container includes its manufacture from raw materials, 
_container filling and use. Once the container has become post consumer waste it can be 
returned for re-use, sorted for recycling, disposed of or used in some other manner. ^
One of the initial observations to be made from studying the Life Cycle of a glass 
container (figure 2) is that, although a substantial amount of energy is saved by using 
cullet in place of raw materials, much energy has to be consumed in the post consumer
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stages (Waste management. Sorting and treatment o f used container and Recycling). In 
addition to the electrical energy indicated, consideration of proximity is an important 
factor. Each linking flow o f materials will require some degree o f transportation which 
m Itself causes depletion o f fossil fuel reserves and causes pollution. On the other hand, 
the use o f cullet avoids the use o f raw materials and thus avoids their extraction and 
transportation burdens. Cullet use also avoids waste glass disposal with the avoidance 
of transport and landfill burdens. It is only possible to fully assess the impacts caused 
by recycling glass by catiying out a full Life Cycle .Assessment.
It IS mteresting to note that the UK is a net importer o f glass (Central Statistical Office. 
1993a&b). much o f which is coloured. .As discussed by The Association o f Municipal 
Engineers (1991). this produces an excess o f coloured glass in the UK. In this case 
coloured glass is removed from the general waste stream and collected for recycling. 
However, the requirement for coloured glass in the UK is low. Therefore, some of the 
reclaimed glass is returned for disposal and hence much o f the energy used in recovery 
is wasted. I f  glass recycling in the UK is to increase, a solution to this coloured glass 
problem, highlighted usmg a Life Cycle approach, needs to be addressed.
According to The Association o f Municipal Engineers (1991). approximately 68% of 
container glass produced in the UK is colourless. To produce a colourless glass certain 
additives such as selenium compounds are used (West-Oram. 1979). Moreover, up to 
90% of these additives can be volatalised and escape from the furnace with the flue 
gases. I f  increasingly poor quality cullet is used (more colour contamination), then 
additional agents must be added to remove the colour and hence the atmospheric 
emissions are increased. It is a possibility that, in an attempt to increase the use of 
colour contaminated cullet in clear container furnaces, increasing amounts o f additives 
will be introduced, thus potentially increasing atmospheric emissions such as selenium.
The issues raised in this example have highlighted the need for examining a system 
from a Life Cycle perspective. This is o f specific importance when drafting legislation 
which aims to control material flows within a system. For example, one of the broad 
objectives o f the producer responsibility regulations with regard to glass is to reduce the
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amount of energy used and the atmospheric pollution caused by the glass manufacturing
industry. However, it has been shown that in attempting to create a closed loop system
for glass, many additional burdens have been or may be created, throughout the Life 
Cycle.
7 Conclusions
It has been illustrated that LCA fulfills the criterion required to assess the environmental
burdens of a process in a holistic manner. This approach is necessary to ensure that
legislation introduces more sustainable methods o f practice. This has been
demonstrated to be applicable both in assessing the case-specific BPEO for pollution
abatement technologies/techniques and in examining wide ranging legislation such as
the producer responsibility regulations. Moreover, as the example o f energy
consumption has illustrated, it is not always necessary to perform a detailed LCA to
gain benefits from the Life Cycle approach. By analysing a system using Life Cycle
thinking, important areas of concern can be identified and future efforts can be focused 
on them.
On the basis of these findings it is proposed that|case-specific studies, based on a Life 
Cycle approach, should be carried out to identify and assess'the options for pollution' 
control in the glass industry.
Finally it should be noted that, whilst LCA can be used for assessing the environmental 
impacts of a system, there are some areas such as the social acceptance o f the proposed 
alternatives which LCA cannot address. An example o f this has been identified in this ' 
paper by using Life Cycle thinking to analyse the glass container industry. To solve the 
problem of excess green glass in the UK more products could be packaged in green 
containers. However, the acceptability o f this on a consumer preference basis would 
have to be assessed. Additionally the willingness o f individuals to separate and recycle 
differing colours o f glass must be examined in a social context. Therefore, to gain a full 
perspective, environmental legislators must integrate a Life Cycle approach with other 
tools such as sociological surveys, economic evaluations and aspects o f risk. Through
the combination of all these tools a truly holistic approach can be used with the aim I f
creating a sustainable society. ^pKruL. •
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8 L i s t  o f  S y m b o l s  a n d  A c r o n y m s
BAT Best Available Technique (EC)
BATNEEC Best Available Technique Not Entailing Excessive Cost (UK)
BPEO Best Practicable Environmental Option
BREF Best Available Techniques Reference Documents
DOE Department o f the Environment
EC European Community
EA Environment Agency
ENDS Environmental Data Services Ltd
EPA90 Environmental Protection Act 1990
GJ 1 gigajoule = 1*10  ^joules
HMIP Her Majesty’s Inspectorate of Pollution
IPC Integrated Pollution Control (UK)
IPPC Integrated Pollution Prevention and Control (EC)
LAAPC Local Authority Air Pollution Control
LCA Life Cycle Assessment
Nm" Volume measured at standard conditions (273K and 101.3 kPa)
NOx Oxides o f nitrogen
SOx Oxides o f sulphur
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Appendix D
Legislation’s Going Holistc.
Article pending publication in The 
Chemical Engineer.
Legislation’s Going Holistic
The trend toyvards a 
holistic approach to 
protection o f the 
environment calls fo r  Life 
Cycle thinking. Mike 
Nicholas reports on the 
latest developments.
European Communiry (EC) legislation 
has recently moved towards a holistic 
approach to environmental protection. 
With it has com e the need to assess 
processes, products and services on a 
wider basis, looking beyond emissions 
to address issues throughout the 
manufacturing and supply chain.
The theory o f  holism states that cenain 
wholes are to be regarded as greater 
than the sum o f  their parts. Thus, in 
taking a holistic view o f the 
environment, it is necessary not just to 
assess all o f man’s differing 
envirotimental interventions, but to 
assess them as a whole, considering 
their interactions with one another. 
This concept has long been recognised 
with regard to end-of-pipe emissions.
In its fifth report. 'Air Pollution 
Control: .An Integrated Approach’, the 
Royal Commission on Environmental 
Pollution (1976) highlighted, that in 
controlling emissions into one medium, 
(air, water or land) there was a danger 
of simply ti'ansfening them into 
cmi.ssions elsewhere.
IPPC - Beyond Emissions 
Control
The EC Directive concerning 
Integrated Pollution Prevention and 
Control (IPPC) has taken the concept 
of environmental holism a step beyond 
emissions control. In addition to the 
integrated control o f emissions to air. 
water and soil, IPPC requires 
considerations such as: energy 
efficiency: the use o f low waste 
technology: the funhering o f recovciv 
and recycling o f  substances and: the
consumption and nature o f  raw 
materials (including water) used in a 
process. Tlie.se considerations will 
provide a basis for the EC Best 
.Available Technique (BAT) Reference 
documents (BRJEFs). cutrently being 
drafted in Seville. Spain and will bring 
a new dimension to assessment o f the 
Be.st Practicable Environmental Option 
(BPEO) for a process
Through addressing issues such as the 
consumption and nature o f raw 
materials, the EC is highlighting that 
the environmental impacts caused by 
industrial processes go far beyond the 
substances which are released from 
stacks or discharge pipes. For 
example, the reduction o f Chemical 
Oxygen Demand (COD) h'om a certain 
liquid effluent may require adoption o f  
techniques which utilise energy and 
material inputs. The generation o f that 
energy and manufacture o f those 
materials will create their own burdens 
on the environment, such as depletion 
of natural resources. Thus, any 
additional material and energy use 
must be compared with the original 
effluent to ensure that the final solution 
achieves most effectively a high 
general level o f protection o f the 
environment as a whole. Moreover, 
IPPC would advocate an analysis o f 
the process upstream o f the effluent 
discharge, favouring reduction o f  
pollution at source (i.e. prevention) as 
opposed to end-of-pipe solutions.
Such examples demonstrate that IPPC 
goes far beyond the cuiTent emission- 
focused system o f Integrated Pollution 
Control (IPC).
Producer Responsibi l i ty
The EC’s holistic approach to 
legislation for environmental 
protection is not just limited to control 
of industrial processes. By definition, 
a holistic approach must 
simultaneously take into consideration 
the whole o f a product's life, from 
acquisition of raw materials, through 
manufacture, through use. to final
disposal: that is. from cradle to grave. 
To establish control over disposal 
options, recent Producer Re.sponsibility 
legislation has been focusing on so 
called ‘end-of-Iife’ products or 
materials to encourage their reuse, 
recycling or recovery. An example o f  
such legislation is the recently 
enforced packaging regulations. The 
targets set for recovery and recycling 
o f various packaging materials will 
afreet the entire waste management 
infrastructure. However, it must not 
be forgonen that the responsibility lies 
with the producers, so that waste 
management costs are carried by 
manufacturers, retailers etc.. Process 
engineers have a vital role to play in 
ensuiing that manufacturing processes 
and products are designed to facilitate 
closed loop systems. That is. systems 
which utilise ‘wastes’ from one 
process as feedstock for others, thus 
removing the need for disposal.
Life Cycle Concerns
Life Cycle Assessment (LC.A) is a 
process that can be used to evaluate all 
the environmental interx-entions 
associated with a product or serx ice, 
from cradle to grave. To Chemical 
Engineers the fundamentals o f LC.A 
are not new. The methodology is 
based around the mass and energy 
balance o f a defined system. Once the 
system boundaries and aims o f the 
assessment have been established (goal 
definition and scoping), the material 
and energy consumption within the 
defined system must be identified and 
tabulated in data sheets (inventory 
analysis). The raw data is then 
classified according to the substance’s 
contribution to a small number o f  
environmental themes {Impact 
assessment). These themes cover 
areas such as Ozone Depletion 
Potential, Global Warming Potential. 
Human Toxicity. Energy Depletion 
Potential etc. By reducing a system to 
a small number of environmental 
themes it is possible to compare very 
different products or sen  ices, based on
the function that they peiform. 
Alternatively. LC.A can be used to 
highlight 'hotspots' in a lifecycle, i.e. 
the stages causing gteatest 
environmental harm. Above all, the 
life cycle approach ensures that 
reduced environmental burdens at one 
point in the cycle are not met at the 
expense of a greater increase in 
burdens elsewhere.
It can be seen from figure I that IPPC 
( red) influences the front end o f a 
product's life. Therefore, the life cycle 
method could be streamlined resulting 
in a ‘cradle to gate' Life Cycle 
inventory ( LCI). Similarly, to assess a 
waste management strategy, influenced 
by producer responsibility (green), a 
■gate to grave' LCI is appropn'ate. 
WTien IPPC and Producer 
Responsibilitv' are considered together, 
there is influence from environmental 
legislation throughout the product's 
life cycle. One o f the challenges facing 
future policy makers will be to 
establish co-ordination between the 
control o f industn'al processes, 
producer responsibility and the various 
other policy tools which influence 
different stases in the life evele, to
ensure an absolute protection o f  the 
environment as a whole.
There is no doubt that future 
enviionmental legislation will continue 
to incoiporatc wider environmental 
concerns and that life cycle thinking 
will play an important role in 
furthering this. The European Union 
has already demonstrated support for 
LC.A. DGXII has subsidised a 
concerted action for establishing a 
European Network for Strategic LCA 
Research and Development 
(LCANET). LCANET has the aims o f  
describing the state-of-the-art o f  LC.A 
methodology and to provide input to 
the EU's o"' Environment and Climate 
programme. In addition. Business in 
the Environment and HMIP ( 1996) 
have published a guide for improved 
environmental performance through 
process optimisation, titled 'Profiting 
from Pollution Prevention; the 3 Es 
methodology' (the 3 Es being 
Emissions, Efficiency and Economies). 
This amounts to a guide to using the 
clean technology approach. Along 
w'ith assessment o f material and enersv 
efficiency, emissions are classed in 
three categories. Primary emissions, 
end-of-pipe; Secondary emissions.
from inefficient use of utilities or 
support chemicals not directly 
associated with the main process or 
product and importantly; Tertiaiy 
emissions, downstream effects o f the 
product, or life cycle effects for 
customers. Whilst this guide does not 
give equal priority to the entire life 
cycle, it is a step towards the 
widespread use o f holistic, life cycle 
thinking.
It is now clear that, due to the holistic 
nature o f today's environmental 
legislation, it has become necessary for 
companies to investigate the life cycle 
impact o f  their products and apply life 
cycle thinking to minimise expenditure 
and enhance their global environmental 
performance.
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A Discussion of the issues raised by 
the DETR’s second consultation 
paper on the UK implementation of 
the EC Directive on IPPC.
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A Discussion of the issues raised.
M .J.NichoIas
The role of Local Authorities
For the purpose o f IPPC the EA should be the sole regulator whilst local authorities 
have a role as statutory consultées (for issues such as noise and air quality). This 
appears to be the favoured route of the government and, that aside, under the current 
system, I often wonder if  it s the EA who control part B processes (as they seem to be 
the main port of call), rather than the local authorities who actually officially regulate. 
Moreover, local authorities have recently been criticised for weak enforcement 
(ENDS 274, p 9). How can a move away from sectoral affordability (see below) 
towards a level playing field be achieved with more than one referee?
Prior to formation of the EA; HMIP, N PA  etc. worked together to provide integrated 
pollution control. It was realised then that a more efficient system would involve one 
regulator; thus the EA was created.
Under the Environment Act 1995 the EA was given many important objectives, 
including;
1) To develop a consistent and cohesive approach to environmental protection across 
all media,
2) To take account of the principle o f sustainable development
These objectives are part of the underlying core o f IPPC and in this respect the EA is 
far more suited to IPPC permitting than local authorities, who have limited, non 
integrated control.
Allowing the EA to be sole regulator does not mean that local authorities should be 
totally without power. Whilst the EA should issue permits and oversee the control of 
IPPC the local authorities must be involved. For example, under the Environment Act 
1995 local authorities (LAs) have a duty to adopt the National Air Quality Strategy.
In implementation of this, and especially in the establishment of Air Quality 
Management Areas (AQMAs) it may be necessary to implement tighter controls on 
some industrial processes. The LAs should consult the EA on issues such as this, and 
under the Environment Act 1995 the EA has an obligation to act, and give regard to 
the National Air Quality Strategy. A similar procedure could be established for noise. 
Moving LAAPC functions to control o f the EA would give benefits to LAs as they 
could concentrate their resources (which they complain are very stretched in this area) 
to targeting air quality and liasing with other local authorities to develop an effective 
air quality management system.
Finally, with respect to sustainable development, the role of the LA should be in 
implementing Local Agenda 21 (a list o f actions drawn up in Rio, needed to improve
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quality m our daily life - transport strategies, waste management, local planning etc.), 
but not in controlling industrial processes.
W i d e r  C o s t s  a n d  B e n e f i t s  a n d  S e c t o r a l  A f f o r d a b i l i t y
The governments plans to gradually phase out sectoral affordability is consistent with 
their current approach. As David Fisk (DETR) said at Controlling Industrial 
Emissions, the government will seek to ensure that equal effort will be made by each 
industrial sector, thus achieving a levelling of the marginal costs o f pollution control. 
The levelling o f the costs will need to be helped by market mechanisms such as 
pollution permit trading. Such mechanisms which bring environmental costs into the 
market driven economy (internalising the externalities) are seen by many leading 
environmental economists as the way forward. Taking this approach will highlight 
the true environmental costs created by some sectors of industry which will in turn 
drive manufacturing to cheaper and more sustainable process routes.
Having said this, the statement in section 22 seems somewhat paradoxical. On the 
one hand ‘The government therefore proposes that sectoral affordability should be 
phased out relatively gradually’ and on the other hand ‘as guidance notes are 
developed containing clear indicative standards based on an underpinning analysis of 
ÛLQ costs and benefits o f différent measures in different sectors’ In addition IPPC 
itself defines the available in BAT as techniques developed on a scale which allows 
implementation in the relevant industrial sector, under economically and technically 
viable conditions.... Is this not sectoral affordability?
Moving away from sectoral affordability is a bold move on the part o f the government 
(A move I feel is necessary for sustainability but very difficult to enforce in reality). 
There will be countless objections which will no doubt go as far as the European
Court of Justice (unless the Directive’s BAT definition is amended). This issue will 
not lie down quietly!
S i t e  r e s t o r a t i o n
I agree with the proposals set out in annex A - unfortunately, as a bottom line, it is 
necessary to use a stick, rather than a carrot, although I do like the idea o f classifying 
sites, Ü1US giving the economic incentive for clean-up to a higher saleable value. 
Additionally for new processes, attempts should be made to clean up non-IPPC 
contamination prior to development of the site (to prevent possible layering of 
contamination).
Is it not already compulsory to report on any breach o f a permit condition?
re s j2 Future risks - there will always be some risk o f contamination when dealing
with chemicals. The example - removing a tank containing pollutants surely means
replacing an older tank with a newer, bunded one? Or does this imply that existing
plant will be under extreme pressure to develop to the cited BAT for new processes -
moving quickly away from older process routes which have the greatest potential for 
harm?
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Role of G uidance
I agree fully with the proposal for more clarity in the guidance notes and the notes 
should be for guidance only and not prescriptive.
With respect to seeds o f their own destruction’, it is positive to see that certain site 
specific and off site considerations may merit deviation from the guidance 
(environmental holism). Examples o f these seeds should by included in the guidance 
to mould ^ e  operators into the holistic way of thinking. However notes should give 
an indication only o f the possible circumstances by which an operator can deviate 
from the guidance. Moreover deviations must be fully justified on a site specific basis 
irrespective o f the citing of an example in the 'seeds o f their own destruction’ list.
The example given in para 35 for ‘seeds o f their own destruction’ is off-site factors, 
i.e. liie cycle thinking, but the government, at this moment in time, would not say life 
cycle - they prefer the term holistic. (After the Royal Commission on Environmental 
Pollution s next report on Standards, which will include a bit on life cycle thinkin® ,^ 
this may change.)
Perm it Reviews and Substantial Changes
Yes, consultadon on positive and negative changes should be retained. SLF is a good 
example. Building trust through transparency, consistency and accountability are 
regarded as highly important. The public’s perception o f risks may at times seem 
illogical to engineers but, as stated in the IChemE’s jubilee lecture, ‘things which are 
perceived as real will be real in their consequences’ and we must ‘move away from 
the old declension: I am an expert, you are ignorant, they are irrational.’
Yes, regulator inspired changes should also be subject to consultation, prior to an 
operator s response. The authority may be proposing a variation for the benefit o f the 
public and the environment, but trust in all industrial bodies, including the regulators, 
is low and needs working on.
I do not agree with the governments proposal for different maximum permit review 
periods for different sectors. All sectors should review every four years.
1) as stated reviews o f four years are regular, thus making it easy to spread the work­
load (if different sectors had different periods there may be some years requiring 
review of many processes and others review o f few).
2) a regular audit is required to maintain quality - Sites under BS 7750 must audit at
least every 3 years, or annually if there is ‘particular potential to cause environmental 
harm’.
3) who is to say that even sectors which are developing slowly now with respect to 
technological advancement may not put on a sudden spurt in the near future?
E n e r g y  E f f i c i e n c y
Again proposed measures are on the basis o f economic instruments, internalising the 
externalities, and they will provide a key market area for CHP and energy efficient 
contracting. *
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A bstract
Recent developments in European environmental legislation are leading to a 
holistic approach to environmental protection. With this, there is an 
increasing need to assess the environmental impacts associated with 
products (or services) throughout their life. Life Cycle Assessment is 
becoming well established as a tool to aid decision-making in the fields of 
waste management and product-oriented policy. However, its use in the 
field o f process-onented policy has to date been limited. This paper 
discusses die expanding scope o f pollution control in the process industry.
A  mplementation o f the European Integrated Pollution Prevention 
and Control Directive there will be a requirement to assess both the site 
specific and the wider environmental interventions caused by a process. It is 
proposed that for the choice o f site specific BAT it will be necessary to 
adopt a streamlmed Life Cycle approach, used in conjunction with site 
specific tools. A streamlined methodology is presented.
Key words: environmental policy, Integrated Pollution Preve^ntion and Control
Life Cycle Assessment
1 .0  L e g i s l a t i o n :  P a s t  t o  P r e s e n t
1 .1  S in g l e  M e d i a  C o n t r o l s
Whilst mdustnal pollution has been o f  concern for many centuries, it was not until the 
mid 19 c e n ^  m the wake o f  the Industrial Revolution, that legislative action was 
prompted in the UK, As a result o f the increasing complexity of industrial processes, 
the growing quantities o f industrial waste and the greater potential for environmental 
h ^ .  It became n e c e s s ^  to introduce legislation for environmental protection. In 
j  ^ senes o f Acts, the 'C lauses Acts’, were introduced to provided a framework 
for control of water pollution. These were followed by the Alkali Act (1863) which 
regulated emissions to air. Further Acts strengthened the control o f liquid and
p ^ ' '^ r s  (Prevention o f Pollution) Acts (1951) & (1961) and
the Alkali etc. Works Regulation Act (1906), but it was not until the Deposit o f 
Poisonous Wastes Act (19/2) that disposal to land was also controlled. In 1974, most
consolidated by the Control o f  Pollution
X at Work etc. Act (1974) and subsequent regulations
made under these Acts.
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BAT Assessment Under the IPPC Directive:
A Life Cycle M ethodology
Traditionally UK legislation enabled the use o f single-medium regulations for 
controlling releases. Separate regulators dealt with emissions to air, discharges to
w aterandd isposalto Iand .(S keaandS m ith ,1998). TheunderlyingprincipIeJound
which legislation evolved was the concept o f using the ‘Best Practicable Means’ 
(BPM) to prevent or minimise the effects o f releases to the medium concerned. For 
example, the Alkali Act (1874) required the use o f  BPM to prevent the discharge of 
all noxious or offensive gases arising from alkali works. Under the BPM regime 
specific emission limits were not set; rather the inspectors achieved gradual 
improvement through co-operation with individual operators and by living 
consideration to site specific circumstances. Skea and Smith (1998) cite Ashby and 
Anderson s description that BPM was considered an ‘elastic band’ bv the 
inspectorate, providing them with the flexibility to tighten standards to reflect 
developments in pollution control.
1.2 The Environmental Protection Act (1990) and the Environment Act (1995)
The Royal Commission on Environmental Pollution (RCEP) published their landmark 
fifth report on air pollution control: an integrated approach in 1976. The report made 
several recommendations that would change the face o f industrial pollution control. 
Of particular importance was the recognition that the traditional method of single 
media pollution control did not provide the most effective mechanism for minimising 
the total effect o f pollution on the environment. In other words, control of one form 
of pollution can lead to the formation o f pollution in another medium. The report 
recommended that a unified pollution inspectorate be set up to ensure that the release 
of pollutants to air, water and land caused the least environmental damage overall, so 
achieving the ‘Best Practicable Environmental Option’ (BPEO). It was also 
re c o ^ e n d e d  that the BPM principle should remain in use, as this enabled control 
requirements to be adapted to particular circumstances (RCEP, 1976).
In response to the recommendations o f the RCEP’s fifth report. The Environmental 
Protection Act (1990) (EPA90) was passed, which enabled the present regime of 
Integrated Pollution Control (IPC). All processes prescribed for IPC are required to 
use the combination o f primary process and pollution abatement techniques which 
constitute the BPEO, thus taking account o f all the technical possibilities for dealing 
with the total pollution from a process. The BPM principle was updated with the 
requirement that all prescribed processes must use the Best Available Techniques Not 
Entailing Excessive Cost (BATNEEC) to prevent releases or to ensure that releases to 
the envirorment are reduced to a minimum. In addition, in granting an authorisation, 
the enforcing authority must take account o f the relevant Environmental Quality 
Standards. It should be noted that whilst one o f  the principles recommended by the 
RCEP was to minimise environmental damage overall, EPA90 remained emissions 
focused, which has lead to the protection o f the environment in the immediate vicinity 
o f the process, and not protection of the environment as a whole.
The recommendation for a unified inspectorate, made in RCEP’s fifth report (1976), 
was not fully put into practice until the Environment Act (1995) enabled 
establishment of the new Environment Agency (EA). The EA took over the work of 
Her Majesty’s Inspectorate of Pollution (HMIP), the National Rivers Authority 
(NRA) and the waste regulatory functions o f local authorities on April 1996, with
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the aim o f ensuring a consistent and cohesive approach to authorisations under IPC. 
Important^, the Environment Act (1995) has outlined aims and objectives for the EA 
which go far beyond the regulations enabled by EPA90. For example, the EA should 
take a holistic approach to the protection and enhancement o f the environment, 
considering impacts o f both substances and activities on all environmental media and 
on  ^ natural resources. However, as discussed below, as far as enforcing these 
objectives, the EA has been drastically restricted by EPA90’s limited, emission 
focused scope. It is as if  the early motor cars were developed to formula 1 racine 
standard, but the man with the red flag was still required to walk in front.
1.3 The BPEO Assessment - restricted by EPA90.
In response to criticism that applicants for IPC authorisations were failing to assess 
environmental impacts and to consider alternative processes or abatement techniques 
a Technical Guidance Note for BPEO assessment has recently been published 
(Environment Agency, 1997). The bulk o f the work for BPEO was carried out by 
HMIP, prior to establishment of the EA and prior to the wide ranging aims and
o ^ e c tiv ^  set out in the Environment Act (1995). It is not surprising then that soon
after publication o f the guidance note, inadequacies with the methodology were 
highlighted by the House of Commons Environment Committee’s report on the 
cement industry. In the report it was stated that the BPEO methodology impedes the 
EA s general duty^ to consider the environment as a whole. The new BPEO 
assessment was criticised for several aspects, including the concentration exclusively 
on process emissions and exclusion o f impacts from raw material selection, transport 
off-site power generation and waste disposal (ENDS report 267, April 1997). These 
inadequacies were due to the restrictions caused by the limited scope o f EPA90. 
Whilst the EA should make a contribution towards attaining the objective o f achieving 
sustainable development, the processes it regulates are only obliged to operate within 
the limited scope o f EPA90. However, the restrictions caused by EPA90 will soon be 
removed. In light of the wide ranging scope o f the recently enforced European 
Community Directive on Integrated Pollution Prevention and Control, the EA will 
soon be able to regulate on a much broader agenda, and realise its full potential.
2 .0  F u t u r e  E n v i r o n m e n t a l  L e g i s l a t i o n
2.1 An Introduction to IPPC: Beyond Emissions Control
The EC Directive concerning Integrated Pollution Prevention and Control (IPPC) 
came into force on 16th October 1996. Member states must adopt the laws, 
regulations and administrative provisions necessary to comply with the directive not 
later than October 1999 (Council Directive 91/61/EC).
Although some o f the fundamental concepts o f IPPC have been adopted from UK 
legislation, the Directive will require substantial changes to the current approach. 
Consistent with the move towards sustainability, regulations under the IPPC Directive 
will require that processes are assessed on a much wider basis than that set under 
EPA90. Not only does IPPC include more processes than EPA90, but IPPC covers 
many more environmental impacts (Nicholas et al., 1997 and Fisk, 1997). For 
example, in addition to the integrated control o f emissions to air, water and soil, IPPC
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requires the consideration o f energy efficiency; the use o f  low waste technology; the 
n  enng o recovery and recycling o f substances and; the consumption and nature o f 
raw materials (including water) used in a process. Moreover, IPPC spotlights the 
process upstream of the effluent discharge, favouring reduction o f pollution at source 
(i.e. prevention) ^  opposed to end-of-pipe solutions. IPPC goes far beyond the 
current, emission-focused system of Integrated Pollution Control (IPC).
2.2 Towards Sustainability
As discussed previously, early UK pollution control was based on single-medium
contro of emissions and the use o f BPM. EPA90 updated this to the integrated
c o n t r o l  o f  e m i s s i o n s  t h r o u g h  t h e  u s e  o f  B A T N E E C  a n d  t h e  B P E O .  N o w  I P P C
extends the scope yet further to include energy and material consumption and off site
considerations s u c h ^  waste disposal. This gradual increase in the scope o f industrial 
pollution control is illustrated in figure 1.
Figure 1 The increasing scope o f industrial pollution control.
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boundary expanded. The implementation o f Producer Responsibility legislation 
makes manufacturers and retailers responsible for promoting reuse, recycling and 
recovery of post consumer waste. In addition, whilst manufacturers are not vet 
required by law to undergo a full product assessment, some companies within the 
chemical industry are now performing full product assessments as part o f their 
Responsible Care p r o g t ^ e ,  to ensure that environmental impacts are minimised 
throughout the whole o f a product’s life (ICI, 1996). This trend towards a holistic 
approach to environmental pollution is being driven at an international level by moves
3.0 An Introduction  to Life Cycle approaches
3.1 What is Life Cycle Assessment?
Life Cycle Assessment (LCA) is a process to evaluate the environmental 
b u rd e^  associated with a product, process or activity by identifvin» and 
quantifying energy and materials used and wastes released to the enviroimenf 
to assess the impact of diose energy and material uses and releases, to thé 
environment; and to identify and evaluate opportunities to effect environmental 
improvements. The assessment includes the entire life cycle o f the product 
process or activity, encompassing extracting and processing raw materials’ 
m ^ufactim ng, transport and distribution; use, re-use, maintenance; recycling 
and fmal disposal (Consoli, 1993). °
In other words, LCA is a process that can be used to evaluate all the environmental 
interventions associated with a product or service, from ‘cradle to grave’.
S  within the process industries, the fundamentals o f LCA are not new.
^ e  methodology IS based around the mass and energy balance o f a defined svstem 
Once the system boundaries and aims o f the assessment have been established (goal 
efmition and scoping), the material and energy consumption within the defined 
7 !  identified and tabulated in data sheets (inventory analysis). This raw
data IS then c assified according to the substance’s contribution to a small number o f 
environmenta thernes (Impact assessment). These themes cover areas such as Ozone 
Depletion Potential, Global Warming Potential, Human Toxicity, Energy Depletion 
Potential etc. By reducing a system to a small number o f environmental themes it is 
possible to compare very different products or services, based on the function that 
toey perform. Alternatively, LCA can be used to highlight ‘hotspots’ in a life cycle. 
I.e. the stages causing greatest environmental harm. Above all, the life cycle approach 
ensures that reduced environmental burdens at one point in the cycle are not met at the 
expense of a greater increase in burdens elsewhere.
3.2 Why a Life Cycle approach‘d
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policy decisions arose in the European Communities with the initiation of discussions 
on packaging w ^ te  at the end o f the 1970s (Schleicher, 1996). Since then, the 
application o f LCA in government decision-making has become more widespread as 
the need to assess the wider impacts o f products has increased. Curran (1997) notes 
that the mam applications for LCA have been in the fields of waste management and 
pro uct-onented policy (e.g. eco-labeling). In the field o f process-oriented policy the 
use of LCA has been more restricted. This can be attributed to the limited scope of 
existing industrial pollution control legislation.
Prior to the IPPC directive, industrial pollution control legislation focused on site
process emissions. As has been previously discussed, the 
U k  EPA90 has lead to the protection o f the environment in the immediate vicinity of 
the process and not as a whole. What the IPPC directive highlights is that 
inanufacmnng processes themselves have impacts on the environment which exceed 
the boundaries or specific installations. Whether those impacts arise from the off site 
generation o f electricity or the processing o f raw materials, they must be considered 
when making the choice o f the Best Available Technique (BAT) for any specific 
instailation. For example, in the design o f a process, the option may arise to either 
import electncity or generate the energy on site. As highlighted by the DETR (1997) 
older legislation penalised on site generation (by combustion) as this causes higher 
emissions from the installation. However, the generation of electricity by fossil frels 
creates environmental impacts whether the energy is generated on site or off site at the
generation may result in a more efficient use of the 
fossil fuel overall. Taking a life cycle approach, considering all environmental impacts 
m d ensunng that raw matenals are used in the most efficient way, ensures the highest 
level of protection to the environment as a whole. *
Under EPA90 the UK EA is restricted to control o f process emissions. The 
introduction of IPPC will enable the EA to assess the environmental burdens caused 
by a process in a more holistic manner, thus meeting it’s objectives as defined by the 
Environment Act (1995). To enable this a life cycle based methodology which can be 
used for regular assessment o f processes must be developed.
4.0 A Life Cycle methodology for BAT assessm ent - G oal Definition and Scoping
“  LCA required to aid in the choice o f BAT under 
IPPC. T k  basis for this discussion has been taken from the framework presented bv 
van den Berg et al. (1995). For more detailed definitions of some o f the terms used, 
(e.g. of BAT) please refer to section 6 o f this paper or Article 2 of the IPPC Directive.
4.1 Purpose
Any inethodology for the site specific assessment o f Best Available Technique must 
meet the requirements o f the IPPC Directive. With reference to these requirements, 
there are three main observations to be made.
Firetly, the directive requires that each installation is considered as unique, with the 
BAT and emission limits assessed on a specific basis. This approach has been
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adopted from the UK’s IPC regime. Past experience has shown that, within a 
category o f industry, the optimum environmental option can vary depending on case 
specific factors. Such a/u approach requires a well defined a^essm ent
methodology, thus ensuring a consistent approach. However, Section 18 of the 
preamble to the directive puts the responsibility for the development of assessment 
methodologies onto each member state. It is therefore unlikely that all member states 
vvill adopt the same approach to BAT assessment. The directive suggests that if 
discrepancies arise in implementation o f the directive then uniform emission limits 
should be adopted (Article 18). However, this goes against the preferred site specific 
approach. A more satisfactory solution would be to ensure that all member states 
were using the same methodology for assessment o f BAT.
The second point is that the directive requires that both transfrontier and local 
conditions should be taken into account. Clift et al. (1996) have discussed the cases 
whereby it is necessary to use either a global impacts tool such as LCA or a local 
impacts tool such as Impact Pathway Assessment (IPA) or both LCA and IPA.
Figure 2 Application of LCA and site specific approaches such as Impact Pathway 
Assessment (adopted from a suggestion by Dr G Huppes) (Clift et al., 1996)
Case A. Represents the choice of technology for an unspecified site. This is the 
established application of LCA.
Case B. Represents the assessment of local effects of emisions from a specified
technology with differing sites. This is the established application of IPA. 
Case C. Represents the choice of technological process for a specified site. This 
requires both LCA and IPA.
Case D. Represents the selection both of the site and the technology. This requires 
both LCA and IPA.
Choice of 
Technology
1
3 _
1 -
B
U n so e c ifie d
Choice of Site
03/03/98
Ba t  Assessment Under the IPPC Directive-
A Life Cycle M ethodology
The assessment o f BAT for an installation concerns choice of technological process
for a given location (case C). In this situation it is necessary to use both LCA and
IPA. Thus, LCA must not be considered as replacing site specific tools, but should be
used alongside those tools within the decision making process. In addition, as the
definition of available in the Euro BAT includes cost considerations, the LCA can
be combined with Multiobjective Linear Programming to give a set of alternative
solutions for environmental improvement. (Azapagic et al., 1^996). In comparing the
results from these differing approaches there can be no substitute for expert 
judgement.
Finally, the purpose o f the BAT assessment is to compare various techniques for the 
production o f a specific product, and highlight that (or those) with the least 
environmental impact. The choice is likely to be based on a short-list o f techniques 
presented in European BAT reference documents, (BREFs), although it has been 
stressed that the BREFs are not exclusive in their listing o f candidate BATs. For 
example, new techniques may not be included in the current BREF for an industry 
sector but may merit consideration for the BAT assessment. In addition, it must be 
recognised that the task o f comparing the impacts o f differing products/services is not 
within the scope o f the IPPC Directive. This would be carried out prior to the process 
design/siting stage as part of a product Design for Environment procedure or of the 
product-oriented policy making process.
4.2 Initiator and target group
The IPPC Directive does not give a clear indication as to who should be responsible 
for carrying out an assessment for BAT. It is envisaged though, that as with the 
BPEO assessment, the study should be earned out by the current or prospective 
operator o f a process, in close collaboration with the competent authority, when 
making ^ a permit application. In an ideal situation, there would be one group 
responsible for overseeing all EC BAT studies, thus ensuring the required consistency 
of approach. A summary of the study should be made available to the public, along 
with other application details as outlined in Article 15 o f the directive.
4.3 Subject
Because the aim of this methodology is to choose the BAT for production of a 
specific product, all data should be defined around a fixed quantity o f that product. 
For example emissions per unit o f product’ (or per unit o f throughput for waste 
management functions). In the case o f BAT assessment it is the quantity of product 
which IS important and not the service the product provides. To facilitate data 
handling in the inventory analysis and impact assessment stages, it will he convenient 
to choose a large unit. For example, emissions per tonne o f product.
4.4 Scope
As stated previously, the comparison of differing products is outside the scope of this 
BAT assessment. The scope is limited to the comparison o f differing processes for 
the manufacture of a single pre-specified product. Therefore, as long as the product 
specification is not altered by the different processes, it is possible to omit all 
environmental impacts related to the product use and disposal. In other words, the 
LCA can be streamlined so that the BAT assessment is solely based on ‘cradle to gate’
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Life Cycle Inventory (LCI) data. This requires the assumption that the pattern o f use
and disposal o f the product is not dependent upon the method by which the product is 
manufactured. ^
In making a formal statement concerning the system boundaries, it is useful to follow 
the Foreground/Background system approach developed by Clift et al. (1996).
The system is subdivided into:
Foreground System, composing o f the installation (including gas cleaning, effluent 
treatrnent arid on site waste management). Current thinking is that the definition o f 
installation will approximate to the site boundaries o f a plant.
Background System, comprising all economic activities which exchange materials and 
energy with the foreground system, but are otherwise unaffected bv choices made in 
the foreground system. Life cycle stages related to the use and disposal o f the product 
are outside the scope o f this study and are therefore excluded from the system.
It can be seen that extending the system boundaries to include off-site environmental
impacts will encouraging the operator to consider the wider affects o f the installation
and potential methods of minimising pollution. Thus, taking a Life Cycle approach
w ll ensure protection o f the environment as a whole. A detailed breakdown, showing
* e  assignment o f specific stages to the foreground and background is presented in 
Table 1 and Figure 3.
Table I  Stages assigned to or excluded from the study’s system boundaries.
System | Life Cycle Stage Notes (from IPPC Directive)
Foreground
Background
Installation
(including gas 
cleaning, effluent 
treatment and on 
site waste 
management)
O ff site waste 
management.
Energy production
Extraction and 
processing o f  raw 
materials
In determining BAT, consideration must be given to the use o f  low- 
waste technology; the use o f  less hazardous substances; the furthering 
o f  recovery and recycling o f  substances generated and used in the 
process and o f  waste, where appropriate; the need to prevent or reduce 
to a minimum the overall impact o f  emissions on the environment and 
risks to it.
Installations must be operated in such a way that no significant 
pollution is caused and waste production is avoided; where waste is 
_ £ r o ^ c ^  it is recovered or, where that is technically and economically 
impossible, it is disposed o f  while avoiding or reducing any impact on 
the environment.
Installations must be operated in such a way that energy is used 
efficiently.
In determining BAT, consideration must be given to the consumption 
and nature o f  raw materials (including water) used in the process and 
their energy efficiency.
Excluded 
from system
Product use and 
disposal
IPPC is focused on the prevention and minimisation o f  pollution from 
mdustrial activities only. Other legislation covers product use and 
disposal (e.g. producer responsibility).
or the pu^ose o f a Life Cycle Assessment the emissions and pollution can be termed 
«  Direct, Indirect or Avoided Burdens (Clift et al, 1996). Direct Burdens relates to 
that pollution (emissions) which arises from the foreground system (the installation);
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r "  P°l>«'on which arises from the background system;
Avo ded Burdens corresponds to activities in the Background System which are 
displaced by matenals or energy recovered from the foreground.
Figure 3 The system boundaries for an IPPC BAT assessment.
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Raw Materials
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and Materials "
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 ^ T
Installation
Off site Waste 
Management/Disposal
Pollution
Pollution
(Emissions)
Pollution
SYSTEM BOUNDARY |
Functional Output: Unit o f Product 
(or unit o f throughput for waste management installations)
4.5 Streamlining and LCA data
In applying the streamlined, ‘cradle to gate’ Life Cycle approach, it is important that
the assessment practitioner realises that whilst the solution may be the BAT for
production o f that specific product, it may not be the most sustainable option overall.
the most sustainable option the system boundaries would need to
include the use and disposal of the product together with the life cycles for other
products which cm  provide the same service (e.g in assessing the BAT for keeping a
carpet clean an_ LCA could be used to compare use o f a detergent with use o f a door
m a). In addition the social and ethical acceptability o f the various options would
need to be considered. However, at the present time, whilst European policy
pnerally  does not descrminate against products and ways o f life, streamlining th'e
LCA to determine BAT for production provides the most effective intermediate step 
in the move towards sustainability.
Whilst the disadvantage of the streamlined LCA is that it does not consider all 
available options, the advantages include:
The reduction in required data greatly reduces the resource and time 
intensity, thus making the LCA more efficient;
A greater majonty of the information used is actual, case specific data from 
t e foreground system, rather then averaged background system data. This 
results in an increased accuracy o f the LCA.
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In addition to these advantages, developing a standard approach to environmental 
assessments will aid in future studies. The IPPC directive requires that data 
concerning the installation and relative to the permit application (e.g. details o f the 
installation and its activities, raw material and energy consumptions, emissions etc.) 
must be made available to the public. As time passes this will result in an increasing 
wealth of actual, case specific data (foreground data). Because this will have been co­
ordinated by one competent authority (or a specified lead regulator), it will all be 
gathered on the same basis. Therefore, in time, the accuracy of the background data 
will increase, until a point is reached when most (if not all) the background data can 
be based on case specific information gathered from the raw material supliers and 
energy producers themselves.
5.0 Conclusions
This paper has discussed the expanding scope o f European environmental legislation. 
Within the UK, pollution control has developed from single medium regulations to 
integrated pollution control. With the implementation of IPPC the scope will be 
expanded  ^ further to include energy and material efficiencies and off-site 
considerations such as the disposal o f process waste.
The current ■methodology, restricted by the limited scope of EPA90, has been 
criticised since it only/considers process emisions. This has prevented the EA from 
implementing their full aims as outlined in the Environment Act (1995). When the 
IPPC directive has been brought into effect in the UK, the EA will be able to develope 
a more holistic methodology for BAT assessment.
It is proposed that a streamlined LCA, based on ‘cradle to gate’ Life Cycle Inventory 
data, IS necessary to meet the wide ranging requirements of the IPPC directive. 
Adopting such an  ^approach will provide the most effective methodology for 
assessment of techniques with the aim of protection o f the environment as a whole. 
The paper presents the goal definition and scoping for such an assessment.
The authors highlight that the streamlined LCA should form part of a larger 
assessment procedure which would include site specific tools, such as Impact Pathway 
Assessment and the consideration of costs, integrated into the assessment throu(?h the 
use of Multiobjective Linear Programming.
It has been discussed that the streamlined LCA provides more efficiency and greater 
accuracy than a ‘full’ LCA which would be based mainly on background data. 
Moreover, due to the affects of European policy concerning public access to 
environmental^legislation, the availability o f real information, and the related accuracy 
af LCAs, will increase with time. However, it is important to recognise that whilst the 
streamlined LCA can help provide the BAT for a specific product, it may not provide 
the most sustainable option overall. Further moves towards sustainability will require 
policy based on full LCAs and socio-ethical considerations. In the mean-time, a 
streamled, cradle to gate’ Life Cycle approach provides the most effective 
intermediate step in the move towards sustainability.
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6.0 Definitions (from Article 2, Council Directive 91/61/EC).
For the puiposes o f the IPPC directive,
best available techniques shall mean the most effective and advanced stage in
the developement o f activities and their methods of operation which indicate
Ae practical suitability o f particular techniques for providing in principle the
basis^ for emission limit values designed to prevent and, where that is not
practicable, generally to reduce emissions and the imoact on the environment 
as a whole: ••
- ta c tiq u e s  shall include both the technology used and the way in which the 
installation is designed, built, maintained, operated and decomissioned,
- available techniques shall mean those developed on a scale which allows
implementation in the relevant industrial sector, under economically and
technically viable conditions, taking into consideration the costs and
advantages, whether or not the techniques are used or produced inside the
Member State in question, as long as they are reasonably accessible to the 
operator,
- ‘best’ shall mean most effective in achieving a high general level o f 
protection o f the environment as a whole;
‘competent authority’ shall mean the authority or authorities or bodies' 
responsible under legal provisions of the Member States for carrying out the 
obligations arising from this directive;
‘emission’ shall mean the direct or indirect release of substances, vibrations,
heat or noise from individual or diffuse sources in the installation into air 
water or land;
‘installation’ shall mean a stationary unit where one or more activities listed in 
Annex I to die Directive are carried out, and any other directly associated 
activities which have a technical connection with the activities carried out on 
that site and which could have an effect on emissions and pollution;
pollution’ shall mean the direct or indirect introduction as a result o f human 
activity, of substances, vibrations, heat or noise into the air, water or land 
which may be harmful to human health or the quality o f the environment, 
resu t in damage to material property, or impair or interfere with amenities and 
other legitimate use o f the environment.
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7.0 List of Symbols and Acronyms 
BAT Best Available Technique (EC)
B ATNEEC Best Available Technique Not Entailing Excessive Cost (UK)
BPEO Best Practicable Environmental Option
BREF Best Available Techniques Reference Documents
DETR UK Department of the Environment, Transport and the Regions
EC European Community
EA ■ Environment Agency
ENDS Environmental Data Services Ltd
EPA90 Environmental Protection Act 1990
HMÎP Her Majesty’s Inspectorate o f Pollution
IP A Impact Pathway Assessment
IPC Integrated Pollution Control (UK)
IPPC Integrated Pollution Prevention and Control (EC)
LAAPC Local Authority Air Pollution Control
LCA Life Cycle Assessment
LCI Life Cycle Inventory
NRA National Rivers Authority
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Appendix I
British environmental policy and 
Europe.
A book report published in The 
Chemical Engineer.
Books
British environmental 
policy and Europe
Philip Louv and Stephen Ward. Rotidedge 
1998. 326pp. 2.16.99. ISB^0 415 15501 0
# For chose moving inco che Field oF environment;'.! technology or those involved ?.'ith corporate 
environmental aFFairs. British enuiron- 
mentalpolicy and Europe should be con­
sidered as essential reading. It is not oFcen 
that books ^'ith a political theme are 
r-evieu-ed in this section oF TCE. but over 
the past 25 years European environmental 
oolicy has had a pro Found eFFcct on UK 
.ndustry. Monitoring oF European Union 
developments has become an established 
fact oF liFe for UK business and UK poli­
tics and policy cannot be understood 
^•ithout placing them v^ichin their 
European context.
This book addresses the question of 
hot%- effective the UK Government and 
organisations in the environmental Field 
have been in responding to the challenge 
of European integration. It takes a retro­
spective look at the UK's often awk-a-ard 
relationship v.'ith Europe. With contribu­
tions from business, environmental 
groups and civil servants, the book pro­
vides an intriguing and invaluable insight.
VC hen the UK joined the European 
Community in 19^1. many people consid­
ered UK environment policy to be highly 
developed in relation to some other 
.ates. However, much to the dismay of 
politicians, the UK soon found itself 
labelled “the dirty man of Europe”. Much
of the book covers the political undercur­
rents that led to this image and the subse- 
quent efforts to transform traditional UK 
approaches. However. Lowe and Ward 
conclude that in spite of the Fact that 
environmental standards have been 
boosted, the implementation of European 
Directives has incurred huge costs and 
the UK is still no more than a middle ■ 
ranking environmental state. For this to 
change, the UK must clearly shrug off its 
Eu.o-scepticism and develop a leading, 
proactive role.
The editors have drawn together a 
^ ice range of topics, providing an up-to- 
date coverage of policy and political insti­
tutions. Issues covered range From waste 
management and integrated pollution 
prevention and control to business lobby- 
ing and public access to environmental 
information. The book is readily accessi­
ble. with brief introductions and sum­
maries complimenting the detailed cover­
age of individual chapters.
British environmentalpolicv and  
Europe is not intended to give an in 
depth, encyclopaedia type " coverage of 
legislation but it does provide the reader 
with an unrivalled coverage of Euro- 
British relationships from leading 
observers, analysts and practitioners. As 
British industry becomes increasingly 
intertwined with Europe, it is in the best 
interests of a company to become directly 
involved with the, policy formation 
process. The knowledge and advice pre­
sented in this book gives the necessary 
insight to negotiate the minefield that ' 
shrouds environmental politics.
Reviewed by Mike Nicholas, a research 
engineer a t Litrgi UK
Europe has had aprrjfoiuul impact on the CK environment
Reviewed by Helena Perrin. IChemE 
information officer___________________
Handbook of pho tochem ­
istry of organic radicals: 
absorption and em ission 
properties, m echanism s, 
aging
.V/ Ya Melikov and V'A Sminiov, Begell 
House 1996. 355pp. 15597,500259.00). 
ISB.V 1567000711
Translated from the original Russian, this 
volume covers the absorption and emis­
sion properties of organic radicals and 
biradicals; elementary photochemical 
processes; photochemistry of aliphatic and 
aromatic radicals; quantum yields of 
organic radicals in solid phase; photoradi­
cal chain reactors; photoradical aging of 
polymers.
Chemistry of th e  e lem en ts  
Second edition
N N Greenwood and A Eamshaw. 
Butterwonh Heinemann 1997, 1344po, 
2.29.99 ISBN 0750633654
Presents a balanced, coherent and com­
prehensive account of the chemistiy of 
the elements for both undergraduate and 
postgraduate students. Covers not only 
the inorganic chemistry but also anahti- 
cal, tneoretical. industrial, organometallic, 
bio-inorganic and other cognate areas of 
chemistry.
The physics of com posite  
superconductors
A VGureiich, R G .\lints and A L 
Rakhmanov. Begell House 1997. 348pp.
US5112.50 (268.00). ISBN: 1567000665
Translated from the original Russian this 
text covers hard superconductors; struc- 
tu.'e and physical characteristics: losses in 
superconductors: stabilir." of the critical 
state: superconducting to normal transi­
tion: hign-temperature superconductivity.-.
Books received are available on loan to 
members from the IChemE's Library and 
Information Senice. Contact Helena
Perrin on 0 1 -8 8  5782 14
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S u m m a r y
The initial objective o f this thesis, as defined at the end of year 1 was: To determine 
the requirements o f environmental legislation and thus, through the use of appropriate 
assessment methodologies, identify (and install) the Best Available Techniques (BAT 
- EC Integrated Pollution Prevention and Control Directive - IPPC definition) for the 
glass manufacturing and waste to energy industries. This has subsequently been 
refined to focus upon the development o f Life Cycle methodologies for the 
assessment o f BAT (using glass and waste to energy as case studies) and the 
assessment o f the Life Cycle environmental impacts caused by the individual and 
combined requirements o f environmental policies. The glass and waste to energy 
industries will continue to be used for case study work, part o f which will involve 
identification o f BAT.
The Research Engineer (RE), a graduate chemical engineer, has been placed within a
team consisting o f sales engineer, proposals engineer and the RE, within the sales and
marketing department of Lurgi UK Ltd. Research to date has focussed on the
expanding scope o f legislation and the development of Life Cycle techniques for use
in the policy-making process. In particular it has focussed on the legislation and
techniques for control o f pollution in the glass manufacturing industry. This has
included the likely impacts that the new IPPC Directive will have on UK legislation
for industrial pollution control. The research has been carried out through the
combination o f a detailed review of the literature, with constant updating on current
issues and involvement in the wider policy-making process, including attendance at
conferences/meetings and publication of articles. A Life Cycle perspective has been
adopted throughout. In addition, the RE has been trained in the design o f gas cleaning
equipment and has developed a design spreadsheet for Lurgi’s glass furnace waste gas 
cleaning plant.
The research has highlighted the complementary roles which IPPC and Producer 
Responsibility have to play in the legislative control of a product's Life Cycle impacts. 
IPPC covers the Life Cycle from ‘cradle-to-gate’, whilst Producer Responsibility is 
concerned with control from ‘gate-to-grave’. The targets and limits set under both 
policy areas need to be co-ordinated in order to achieve the Best Practicable 
Environmental Option (BPEO) for the system as a whole. Discussions around these
C;\My Docuinents\MN\reports\2yrdisa.doc -j
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issues both in published articles and at conferences have provided input to the wider 
policy-making process. In addition, a technique has been developed called Life Cycle 
Policy Mapping (LCPM), which can be used to identify the scope o f and interactions 
between different pieces of legislation. This is necessary when policy makers are 
aiming to create an integrated network of legislation, which promotes protection of 
the environment as a whole. Moreover, LCPM promotes Life Cycle thinking through 
clearly identifying the scope of policies in relation to a product’s Life Cycle impacts. 
These achievements constitute significant contributions to knowledge.
Future contributions to knowledge will include;
1. Identification o f BATNEEC, BAT and state-of-the-art techniques for glass and 
waste-to-energy using LCA/LCPM and multiobjective optimisation techniques.
2. An evaluation o f the economic and environmental Life Cycle impacts of 
legislation, including comparison of legislation in existence in different EC 
Member States, to identify the optimum in pollution control.
Current Publications — chronological order, primary author in bold (See appendices).
Nicholas, M .J., Clift, R., Walker, F.C., Azapagic, A. and Porter, D.E. (1997b) ‘Atmospheric Pollution 
Control in the Glass Industry: The need for a Life Cycle approach’. Poster and Paper presented at the 
IChemE’s Controlling Industrial Emissions, Commonwealth Institute, London, 3-4 N ov 1997.
N icholas, M .J. (1998a), Conference Report on Controlling Industrial Emissions - Practical Experience 
Process. Safetv and Environmental Protection. Trans IChemE, Vol. 76, Part B, February, pp64-66.
N icholas, M .J. (1998b), Book Review o f  British Environmental Policv and Eurooe The Chemical 
Engineer, Issue 652, Institution o f Chemical Engineers: Rugby, p 3 1.
N icholas, M .J. (1998c) Legislation’s going holistic’. The Chemical Engineer. Issue 656, Institution of 
Chemical Engineers: Rugby, pp33-34
N icholas, M .J. and Terry, A.C (1998) ‘The winding road to environmental com pliance’, forthcoming^ 
m GLASS. September issue, DMG Business Media Ltd.
Nicholas, M.J., Azapagic, A and Clift, R. (1998) ‘Industrial Ecology in Europe: IPPC and Producer 
Responsibdity -  A Possible Way to “Embed” Industrial E cology?’, forthcoming in the Journal o f  
Industrial Ecology. ---------------
Proposed titles and target refereed journals for two papers to be submitted by the end 
of the project.
1. Life Cycle Policy Mapping: A tool for environmental decision support 
International Journal of LCA / Journal o f Industrial Ecology or possibly a 
journal which focuses on policy making.
2. BAT assessment for IPPC-A Life Cycle Methodology
Process Safety and Environmental Protection, Trans. IChemE, Part B.
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1.0 Introduction
Traditionally, environmental law has imposed regulations directly on processing 
facilities to ensure that emissions from those sources are contained within acceptable 
limits. Whilst this form o f control still plays a major role in pollution prevention, 
European Community environmental legislation is moving towards a holistic 
approach to environmental protection. With this, there is an increasing need to 
assess and control the environmental impacts associated with products (or services) 
throughout their life, and legislation is rapidly being developed to achieve this.
This project is being carried out within the context o f this rapid expansion in scope of 
environmental legislation. The objective o f the research is to determine the 
requirements o f environmental legislation and thus, through the use o f appropriate 
assessment methodologies, identify (and install) the Best Available Techniques (BAT 
EC IPPC definition) for the glass manufacturing and waste to energy industries. 
Additionally the research is focusing upon the development of Life Cycle 
methodologies for the assessment o f BAT (using glass and waste to energy as case 
studies) and the assessment of the Life Cycle environmental impacts caused by the 
individual and combined requirements of environmental policies.
Section 2 o f this dissertation contains an updated literature review. Having already 
submitted to this portfolio a detailed review o f the legislation for atmospheric 
pollution control in the glass industry (Nicholas et al, 1997a), this updated review 
takes a broader look at the current and impending legislation for the control of 
pollution from industrial processes. The initial focus (s.2.1) is on the development of 
legislation and assessment methodologies, from which it is concluded that legislation 
is becoming increasingly holistic, moving towards Life Cycle approaches. The 
integration o f Life Cycle thinking into environmental legislation and the policy­
making process is investigated and discussed (s.2.2). It is demonstrated that there is a 
need for further research to develop Life Cycle based tools both for the assessment of 
products or processes and for use in the policy-making arena.
The first two parts o f section 3 focus on the thesis development stage, carried out 
during approximately the first year of research. 3.1 summarises the existing situation 
for legislation and pollution control techniques in the glass industry. It is highlighted
C:\My Documents\MN\reports\2yrdisa.doc ^
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that the glass industry, listed for Local Authority Air Pollution Control (LAAPC) has 
until October 2001 to adopt BATNEEC and meet emission limits. BATNEEC is 
likely to consist o f dry injection o f lime into the furnace waste gas (for acid gas 
removal), followed by a reaction tower, an electrostatic precipitator (for particulate 
removal) and a fan. j .2 discusses that a possible focus for the research could have' 
involved process optimisation of this gas cleaning system. However, glass has been 
included in the IPPC Directive, which is soon to be adopted by Member States. It is 
not known what emission limits will be set under IPPC, yet alone what will be 
regarded as BAT. Thus, it is explained that the research has focused upon the new 
requirements o f IPPC and of other legislation controlling the glass Life Cycle, such as 
Producer Responsibility, j .2 also discusses that it has been recognised that the 
definitions and scope of legislation has a large influence on the degree of 
environmental protection. Thus the research will also focus on the Life Cycle 
environmental impacts caused by the scope and requirements o f legislation and by 
subsequent assessment methodologies.
Section 3.3 (Subdivided into 3.3.1 to 3.3.7) discusses the work that has been carried 
out during the second year of the thesis. 3.3 discusses the way in which the research 
has developed, through publication and peer review. The publication o f different 
pieces o f work, which follow different strands, and the subsequent project 
development, giving regard to the peer review, is core to the development of this 
portfolio. There are four main themes which have run throughout the research; 1) The 
expanding scope o f  environmental legislation, 2) The development of Life Cycle 
Policy Mapping, j )  The use of LCA for IPPC BAT Assessment and 4) specific glass 
industry case studies.
Finally, section 4.0 highlights the main contributions to knowledge. Life Cycle 
Policy Mapping has been developed as a novel method for the analysis o f legislation. 
In addition, discussion of wider policy issues through publication and conferences has 
contributed to the wider policy-making process. Section 4 also highlights that future 
work will use Life Cycle methodologies to assess the general impacts of legislation 
(including the different EC Member State legislation), and more specifically 
BATNEEC/B AT/BPEO for the UK glass and waste to energy industries.
C:\My Documents\MN\reporis\2yrdisa.doc
2"*^  Year Dissertation - MJ.Nicholas
2.0 L iterature Review
An initial literature review, focussing on atmospheric pollution legislation, using glass 
furnaces as a case study, can be found as a separate document within this portfolio 
(Nicholas et al, 1997a). This section of the literature review, which has been updated 
for the purpose o f this dissertation, evaluates the current and impending legislation for 
the control of pollution from industrial processes. This is necessary to establish the 
current situation with respect to the regulation and choice o f techniques for pollution 
prevention and control. The initial focus (s.2.1) is on the development of legislation 
and assessment methodologies, from which it is concluded that legislation is 
becoming increasingly holistic, moving towards Life Cycle approaches. The 
integration o f Life Cycle thinking into environmental legislation and the policy­
making process is investigated and discussed (s.2 .2). It is demonstrated that there is a 
need for further research to develop Life Cycle based tools both for the assessment of 
products or processes and for use in the policy-making arena.
2.1 Industrial Pollution Legislation — Assessment Methodologies 
Traditionally, UK legislation enabled the use o f regulations for controlling ‘end-of- 
pipe releases into a single medium. Separate regulators dealt with emissions to air, 
discharges to water and disposal to land (Skea and Smith, 1998). The underlying 
principle around which legislation evolved was the concept o f using the ‘Best 
Practicable Means’ (BPM) to prevent or minimise the effects o f releases to the 
medium concerned. The National Society for Clean Air and environmental protection 
cite that the BPM concept was first used in Leeds in 1842 and was introduced 
nationally by the Alkali Act (1874). Under the BPM regime specific emission limits 
were not set, rather the inspectors achieved gradual improvement through co­
operation with individual operators and by giving consideration to site specific 
circumstances. It has been noted that the BPM principle has often been used to
describe the whole approach of the UK’s pollution control legislation (NSCA, 1997, 
p.3).
In 1976, the Royal Commission on Environmental Pollution (RCEP) published their 
landmark fifth report on “Air Pollution Control: An Integrated Approach” (RCEP, 
1976). The report made several recommendations that would change the nature of 
industrial pollution control. Of particular importance was the recognition that the
—\xyfM\reDons\2yrdisa.doc -7
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traditional method o f single media pollution control did not provide the most effective 
mechanism for minimising the total effect of pollution on the environment. Control 
of one form o f  pollution can lead to the formation o f pollution in another medium. 
The report recommended that a unified pollution inspectorate be set up to ensure that 
the release o f pollutants to air, water and land caused the least environmental damage 
overall, so achieving the ‘Best Practicable Environmental Option’ (BPEO). It was 
also recommended that the BPM principle should remain in use, as this enabled 
control requirements to be adapted to particular circumstances.
The RCEP s recommendations for an integrated approach were not adopted until the 
Environmental Protection Act 1990 (EPA90) enabled the present regimes of 
Integrated- Pollution Control (IPC) and Local Authority Air Pollution Control 
(LAAPC). In particular, the IPC regime aims to tackle the problem o f transferring 
one form of pollution to another, as highlighted by the RCEP. EPA90 updated the 
BPM concept stating that “in carrying on a prescribed process, the Best Available 
Techniques N ot Entailing Excessive Cost [BATNEEC] will be used” (s.7(2)(a)). 
Moreover, s.7(7) states that, for processes prescribed for IPC or those with multi- 
media releases o f substances, in choosing BATNEEC consideration must be given to 
the Best Practicable Environmental Option (BPEO) for minimising pollution to the 
environment taken as a whole. It should be noted, however, that EPA90 is mainly 
emissions focused and limited to considering individual processes or operations. This 
leads to the protection o f the environment in the imTnediate vicinity o f  the process, and 
not to the protection o f the environment as a whole. As discussed below, this has lead 
to heavy criticism o f the methodology for BPEO assessment.
HM Inspectorate o f Pollution (HDMIP) was established in 1987 in order to provide a 
more integrated approach to pollution control, and to develop methods for 
determining the BPEO (NSCA, 1996. P 12). Not long after the implementation of 
EPA90 it was found that the legislation alone was not ensuring that applicants for IPC 
authorisations considered alternative processes or techniques (ENDS report 267, 
1997, p j2). In order to guide the choice of BPEO, HMIP began the development of a 
methodology for BPEO assessment. However, during the drafting o f the BPEO 
assessment, HMIP received criticism that their interpretation o f BPEO, as required 
under EPA90, ignored indirect effects such as production of raw materials, transport,
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off-site power generation and impact on the waste hierarchy. In 1996 the 
Environment Agency (EA) was formed, with the aim o f achieving a consistent and 
cohesive approach to pollution control and to assist with the international drive 
towards sustainability. The EA  adopted the functions of HMIP, the National Rivers 
Authority and the waste regulators, and continued to develop the BPEO assessment 
within the framework set out under EPA90. The methodology took four years to 
complete, but when it was finally published in 1997 (Environment Agency, 1997) it 
was outdated and heavily criticised. The House o f Commons Environment 
Committee’s report on regulation of the cement industry stated that the “site-specific 
application of the BPEO concept had impeded [the EA] from considering the overall 
environmental effects, as required under the Environment Act 1995” (ENDS report 
267, 1997,'p32).
As highlighted by Perriman (1997), much o f the criticism aimed at the BPEO 
methodology has been due to the scope of EPA90, limited by its focus on release of 
substances. In contrast, under the Environment Act (1995) the EA has been given 
wide ranging objectives, which include taking a holistic approach to environmental 
protection and making contributions towards attaining sustainability (NSCA, 1997, 
p. 11). These new objectives, established in light o f the Earth Summit’s 
recommendations for sustainable development, exceed the IPC regime enabled by 
EPA90 five years earlier. Aware of the criticisms of BPEO, the EA was developing 
plans for a ‘wider BPEO’. However, this was shelved in the light o f legal advice 
(ENDS report 269, 1997, pj7). The EA was informed that any revisions to 
authorisations arising from the assessment of wider environmental impacts could not 
be enforced because the EA s wider environmental duties are subordinate to its duties 
under IPC. Thus, legally, authorisations can only be granted on the basis o f EPA90, 
which is limited to consideration of the release o f polluting substances, and cannot be 
based on wider considerations.
Because of the restrictions of EPA90, the EA has currently only been able to address 
wider environmental concerns through voluntary initiatives with industry. An 
example of this is the development of the jE s  methodology (HMIP and Business in 
the Environment, 1996), which provides useful guidance to using the clean 
technology approach (Clift, 1998). The guide encourages process optimisation as an
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approach to pollution control, discouraging the use o f abatement equipment alone. It
is suggested that applying the methodology can help businesses to determine
BATNEEC in terms o f  Emissions, Efficiencies and Economics (the 3Es).
Importantly, the guide also encourages Life Cycle thinking, stating that emissions
include downstream effects o f the product e.g. effects o f impurities on downstream
process emissions, or life cycle effects for customers”. Both the EA and the
Government have suggested that any deficiencies in the EA’s powers may soon be
removed, due to the increasing scope of EC legislation, and in particular the new 
IPPC Directive.
The EC Directive concerning Integrated Pollution Prevention and Control (IPPC) 
came into -force on 16th October 1996. Member States are required to adopt the laws, 
regulations and administrative provisions necessary to comply with the directive not 
later than October 1999 (Council Directive 91/61/EC). The Directive covers a much 
wider range o f environmental impacts than have previously been regulated. In 
addition to the integrated control o f emissions, IPPC will require consideration of 
noise, energy efficiency, use o f raw materials, off site waste disposal, accident 
prevention and site restoration (Aichinger, 1998; Fisk, 1998). These additional 
considerations, as compared with those regulated under the UK’s LAAPC and IPC 
regimes are highlighted in table 1.
Table 1. Enforced requirements o f control regimes.
LAAPC IPC IPPC
Prevent or reduce emissions to: A ir y y y
W ater Occasional y y
Land Occasional y y
Efficient use of energy Occasional y
Raw m aterial consumption Occasional y
W aste reduction Occasional y
O ff site waste disposal y
Noise, H eat and V ibration . y
Post closure site restoration y
Accident prevention y
The wider scope o f IPPC is recognised as an important part in the move towards a 
more sustainable balance between human activity and socio-economic development, 
on the one hand, and the resources and regenerative capacity o f nature, on the other 
(Council Directive 91/61/EC). Currently, the Department o f the Environment
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Transport and the Regions (DETR) has circulated two consultation papers discussing 
the UK implementation of the Directive (DETR, 1997; 1998a). These papers have 
covered issues such as: Which processes will be included in IPPC? Who will regulate 
IPPC processes? What will be the role o f the Guidance? How to account for wider 
costs and benefits? And, should issues relating to site restoration be addressed? At 
present these issues remain unresolved, but it appears that whilst there are some 
similarities between EPA90 and IPPC (i.e. integrated controlling and the concept of 
Best Available Techniques) major changes will have to be made to both IPC and 
LAAPC due to their limited scope. This in turn should resolve some o f the previous 
conflict between the EA s limited powers and wider duties, previously discussed, and 
allow a more holistic approach to be adopted. The similarities and differences 
between IPPC’s BAT and EPA90’s BATNEEC are given in table 2 (overleaf).
With respect to guidance related to BAT, Article 16, paragraph 2. o f the IPPC 
Directive requires the European Commission to organise “an exchange o f information 
between Member States and the industries concerned on BAT” (Council Directive 
91/61/EC). Aichinger (1998) indicated that the result o f this ‘information exchange’ 
would be the publication of BAT Reference Documents (BREFs). The BREFs will be 
designed as a tool to assist regulatory authorities by giving practical guidance 
concerning BAT for a given sector. Aichinger explained further that the BREFs 
would contain information regarding ‘candidate’ techniques and the ‘reference levels’ 
for environmental performance, but that BREFs would not prescribe legally binding 
limits. In line with the site-specific approach it is required that any emission limits etc 
should be laid down by Member States on a case by case basis with regard to 
candidate BATs and without prescribing the use o f any technique or specific 
technology” (Council Directive 91/61/EC).
C:\MyDocuments\MN\repons\2yrdisa.doc ^
Year Dissertation - MJ.Nicholas
Table 2. BATNEEC Vs BAT
UK BATNEEC EC BAT NOTES
Best means most effective in preventing, 
minimising or rendering harmless 
polluting releases. There may be 
more than one set o f  techniques that 
achieves comparable effectiveness - 
i.e. there may be more than one set 
o f “best" techniques.
shall mean most effective 
in achieving a high general 
level o f  protection o f the 
environment as a whole.
UK BATNEEC focuses 
on polluting releases 
whereas EC BAT looks 
for protection o f  the 
environment as a whole 
+ pollution prevention 
(clean technolog}' not 
clean-up). The scope o f  
this will prove to be 
vitallv imoortant.
Available should be taken to mean procurable 
by the operator o f  the process in 
question. It does not imply that the 
technique has to be in general use, 
but it does require general 
accessibility. It includes a technique 
which has been developed (or 
proven) at pilot scale provided this 
allows its implementation in the 
relevant industrial context with the 
necessary business confidence. It 
does not imply that sources outside 
the UK are “unavailable”. Nor does 
it imply a competitive supply 
m arket If there is a monopoly 
supplier the technique counts as 
being available provided that the 
operator can procure it.
shall mean those 
developed on a scale 
which allows 
implementation in the 
relevant industrial sector, 
under economically and 
technically viable 
conditions, taking into 
consideration the costs and 
advantages, whether or not 
the techniques are used or 
produced inside the 
Member State in question, 
as long as they are 
reasonably accessible to 
the operator.
The EC available 
incorporates the basic 
principles o f the U K ’s 
Available and NEEC  
plus wider cost/benefit 
considerations.
Techniques embrace both the plant in which the 
process is carried on and how the 
process is operated. It should be 
taken to mean the components o f  
which it is made up and the manner 
in which they are connected together 
to make the whole. It also includes 
matters such as numbers and 
qualifications o f staff, working 
methods, training and supervision 
and also the design, construction, 
lay-out and maintenance of 
b uild in gs, and w ill affect the 
concept and design o f the process.
shall include both the 
technolog}' used and the 
way in which the 
installation is designed, 
built, maintained, operated 
and decommissioned.
EC requires 
decom m issioning o f  
technolog}' to be taken 
into account (not 
included in UK  
BATNEEC).
NEEC needs to be taken in two contexts, 
depending on whether it is applied 
to new  processes or to existing 
processes
N/A
(covered by ‘available’ 
- see above)
C :\My Documents\MN\repons\2yrdisa.doc 12
2" Year Dissertation - M.J.Nicholas
One of the key issues that the BREFs will not address, is that o f ‘BAT assessment 
methodologies . The Directive (preamble, s. 18) states that “it is for Member States to 
determine how the technical characteristics o f the installation concerned, its 
geographical location and local environmental conditions can, where appropriate, be 
taken into consideration (Council Directive 91/61/EC). As recognised by the DETR, 
assessment under IPPC will be much wider in scope than BPEO, setting Member 
States the ambitious target of regulating almost the whole environmental impact o f the 
operation o f an installation. It is proposed that, with respect to carrying out an 
integrated environmental assessment, statutory guidance should be developed and 
published by the Secretary o f State (DETR, 1998a). Consultées were invited to 
submit their views on how this challenge might be best faced (DETR, -1997).
The principle o f devolving responsibility to Member States for practical 
implementation o f EC Directives, i.e. subsidiarity, has lead to criticism. The IPPC 
Directive aims to protect the environment taken as a whole, without giving specific 
definition o f  what this requires or methods by which different options for 
environmental protection may be compared. Emmot (1997) states that ‘without an 
adequate basis for such assessments there is a danger that the theory of IPPC will 
remain just that -  a theory’, suggesting that implementation could result in ‘medium- 
specific controls bundled together in a show of apparent integration’. It is also argued 
that, in spite o f the limited and contentious nature of the current BPEO methodology, 
the UK has made more progress with respect to mechanisms for integrated decision 
making than other EC Member States, many o f whom still regulate releases to each 
medium separately. However, the UK’s BPEO by no means addresses all o f the 
issues required for regulation under IPPC (again it is emissions focussed). Hence, 
there is a need for further work to develop methodologies to support the effective 
implementation o f the IPPC Directive at both national and EC levels (Emmot, 1997).
The current situation with respect to choice of techniques for pollution prevention and 
control is clearly one of transition. There are many opportunities for research with 
respect to a framework for making and communicating ‘BPEO’ and ‘BAT’ decisions. 
Perriman (1997) has suggested that a co-operative study involving representatives 
from regulators, industry, academic and other organisations could be organised to 
develop a framework for assessment of candidate BATs. This framework will need to
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go beyond the traditional considerations o f ‘end-of-pipe’ emissions and energy 
efficiency to look at the wider impacts o f industrial processes. It has already been 
noted that EU legislation has moved towards the holistic approach to environmental 
pnxecdon 1998cX effeas o f EMPC confined wiüi &%%dopmg
producer responsibility legislation have driven the need for wider assessment of 
processes, products and services. This in turn requires companies to address issues 
throughout the manufacturing supply chain. There is a drive towards Life Cycle 
approaches, which assess the environmental impacts of a product or service from 
cradle-to-grave. Emmot (1998) concluded his paper on the theory and practice of 
IPPC by stating that, in the area of source based control, there are increasing 
possibilities for the incorporation of Life Cycle approaches into environmental policy. 
The uptake and integration of Life Cycle techniques into the policy process is 
investigated in the next section of this literature review.
2.2 Integration of Life Cycle techniques into the policy-making process.
As discussed in section 2.1, the increasing scope o f environmental legislation, with its 
move towards a holistic approach to environmental control, driven by the objective of 
sustainability, has created the need for assessment o f the wider environmental impacts 
caused by human activities. LCA is a tool which can be used to evaluate the wider 
environmental interventions associated with a product or service, from ‘cradle to 
grave’. As indicated by The Engineering Council (1994), “LCA applies the principles 
o f sustainable development by integrating measurements over the whole life cycle, to 
ensure that improved environmental performance at one stage is not achieved at the 
expense of worse performance at another”. Moreover, as noted by Curran (1997) there 
is a growing realisation for the need to consider incorporating Life Cycle impacts in 
the strategic planning and development of government policies and regulations. In 
this section of the review, the use of LCA and other Life Cycle techniques for policy­
making is examined.
The Society for Environmental Toxicology and Chemistry (SETAC) has defined LCA 
as a process to evaluate the environmental burdens associated with a product, process 
or activity by identifying and quantifying energy and materials used and wastes 
released to the environment; to assess the impact o f those energy and material uses 
and releases to the environment; and to identify and evaluate opportunities to effect
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environmental improvements. The assessment includes the entire life cycle o f the 
product, process or activity, encompassing extracting and processing raw materials; 
manufacturing, transport and distribution; use, re-use, maintenance; recycling and 
final disposal” (Consoli, F. ed., 1993). Highlighting the importance o f LCA, Curran 
and Young (1996) stated that the nature of LCA makes it an ideal tool for generating 
information to aid industry in environmental decision-making. This echoed the 
opinions o f much o f the LCA community. In a paper discussing the uses o f LCA to 
support European legislation (Schleicher, 1996), the trend towards Life Cycle 
approaches was confirmed. It was noted that there is an increasing demand for LCAs 
to help in decision-making and that Life-Cycle Assessment will play an important role 
for the Commission in future.
The need for producing an LCA to guide policy decisions arose in the European 
Communities with the initiation o f discussions on packaging waste at the end of the 
1970s (Schleicher, 1996). However, at that time there were no available LCAs to 
guide the decision-making process. According to Schleicher, the new Packaging 
Waste Directive (Directive 94/62/EC) has revived the discussions, with the added 
factor that there are now some LCAs available. However, the manufacturers of 
packaging materials have carried out their own LCAs only to place their own product 
in a favourable light. Schleicher notes that LCAs carried out in this manner can be of 
no help to the EC decision-making process. Other authors have also noted the 
tendency for LCAs to support the aims o f the sponsoring organisation, thus reducing 
the credibility o f the results, as has been the case in the PVC debate (Lawrence et al 
1997).
The use o f LCAs in the waste sector has not been limited to exploring packaging. 
There is currently a large amount of work being carried out in the UK (and indeed 
worldwide) to develop Life Cycle tools for waste management. Through it’s Wastes 
Technical Division, the DoE set up a Life Cycle Research Programme for Waste 
Management. The EA took over the Life Cycle Research Programme in 1996. The 
first stage o f the research programme, the development o f a framework for Life Cycle 
Inventory Analysis in the waste management context, involved definition o f the 
system boundaries and data compilation. The work, published in April 1997, was 
carried out jointly by Aspinwall & Co., Pira International and the Centre for
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Environmental Strategy at the University o f Surrey (DoE & EA, 1997). The Ecobilan 
group has recently completed the next stage o f research, the development of a user- 
friendly tool, on behalf of the EA. The tool developed has been named WISARD or 
Waste — Integrated Systems Assessment for Recycling and Disposal. It is intended 
that WISARD will be used by Local Authorities to “model alternative waste 
management systems including collection, separation, recycling, incineration, 
composting and landfill and analyse their environmental impacts”. Additionally 
WISARD can be used to “develop waste management strategies to reduce resource 
use and environmental impact” (Ecobalance UK, 1998). It has been stressed 
throughout the development o f these Life Cycle tools that LCA should be used in 
conjunction with other tools, such as risk assessment, and should not be considered as 
a substitute for the decision-making process. Moreover, it is important to realise that, 
as with 3Es, use o f WISARD is voluntary. Local Authorities are still bound by legal 
obligations. Thus, if the UK is set a target o f >50% recovery of glass under the 
Packaging Directive, this target must be met whether or not WISARD identifies 
>50% recovery as the BPEO for waste glass.
There are early signs that the use o f Life Cycle thinking in waste management is
beginning to have an impact on waste policy. For example. Life Cycle approaches
have been used to challenge the legitimacy o f  a strict waste hierarchy (e.g.
prevention/reduction of waste, followed by recovery o f materials or energy, then
finally safe disposal). For instance, it has been demonstrated that in some cases,
incineration o f  paper may cause lower environmental impacts than its recycling, in
spite of recycling being preferable in the waste hierarchy (Clift and Doig, 1996 and
Leach, M.A. et al 1997). As a result o f this, and other similar research, both the EC
and the UK’s Government are now relaxing their positions on the waste hierarchy.
The DETR’s latest consultation on the waste strategy (Less waste. More value) states
that the waste hierarchy should be used as a guide and “not a prescriptive set o f rules” '
(DETR, 1998b). Thus, LCA looks set to have a large impact on future waste 
management policy.
In a review o f Life Cycle based Government policies, Curran noted that another area 
where LCA is having a large impact is in Product-Oriented policy (Curran, 1997). 
This review highlighted that the most common application o f Life Cycle thinking is in
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the development o f eco-labeling programmes. This was attributed to the integration 
o f Life Cycle ideas into several EC regulations. Other applications o f Life Cycle 
techniques in Product-Oriented policy have been in the areas o f procurement, 
taxation, manufacturing policy and producer responsibility (Curran, 1997).
Curran (1997) noted that with respect to Process-Oriented policy there are much 
fewer examples o f Life Cycle applications than for waste and product oriented policy. 
In the first section o f this literature review it was highlighted that, in the UK, Process- 
Oriented policy is based around the IPC regime under EPA90, which although taking 
an integrated approach is nonetheless emissions focused. Vernon (1998) arsued that, 
despite the move towards integrated authorisations and permits, companies often need 
to deal with a range of regulators with different priorities and objectives, making a 
holistic approach to control o f environmental impacts difficult, if  not impossible. 
Moreover, as highlighted by Azapagic (1997), recent research concerning the 
assessment o f BPEO for end-of-pipe control of NOx and SOx has demonstrated that 
the current BPEO methodology may result in transfer o f burdens from one Life Cycle 
stage to another.
Although the U K ’s current Process-Oriented policy does not take a Life Cycle 
perspective, this does not imply that companies are not using LCAs for self- 
assessment. For instance, companies such as ICI and Unilever are now adopting Life 
Cycle approaches in order to assess their own emissions and wider environmental 
impacts (Vernon, 1998). This often stems from the requirements o f environmental 
management systems such as ISO 14000 or the European Eco-Management and Audit 
Scheme EM AS. However, Vernon (1998) notes that these developments can be 
hindered by the current “inflexible” legislation, which is failing to keep pace with 
environmental management practice. The fact that in some cases environmental 
legislation is now actually hindering environmental improvement, highlights the 
increasing and urgent need to integrate Life Cycle thinking into the policy making 
process. Nicholas (1998c) highlighted that one of the challenges facing future policy 
makers will be to establish co-ordination between the control of industrial processes, 
producer responsibility and the various other policy tools which influence different 
stages in the Life Cycle.
C:\My Documents\MN\reports\2yrdisa.doc 7^
2 Year Dissertation-MJ.NichoIas
It IS thus clear that the weight o f current opinion suggests that, in order to guide 
environmental policy, it is necessary to consider Life Cycle impacts. However, whilst 
the fields o f eco-labeling and waste management have started to adopt Life Cycle 
approaches, the use o f Life Cycle techniques in the wider policy-making process has 
been limited. This is particularly true for the area o f Process-Oriented policy, which 
has been superseded as the forerunner of change, by environmental management 
systems. In order to address this deficit it is necessary to understand the barriers that 
have prevented a more widespread adoption o f Life Cycle techniques.
According to Azapagic (1997), the lack of international standardisation and 
harmonisation o f methodology and thus the lack of guidance on how to perform and 
interpret often complex LCAs, has probably been the most important barrier 
preventing the wider use o f LCA for policy decision-making. As noted previously, 
this has also lead to the use (or misuse) of LCAs to show certain products in . a 
favourable light. For LCA to become more widely accepted as a reliable tool to guide 
policy decisions, such possibility for manipulation must be reduced. Azapagic (1997) 
has suggested that the development of LCA standards, by groups such as SETAC and 
ISO, may help to resolve this problem, restoring credibility and reducing possibilities 
for .misuse. It has also been suggested that a possible route to overcoming this type of 
problem would be to establish an authoritative body’ to make decisions. It is hoped 
that the establishment of such ‘environmental auditors’, would help in the 
legitimisation of Life Cycle decision-making through establishing constancy in 
environmental assessment (Schleicher, 1996).
Researchers in the field o f LCA have long recognised that Life Cycle approaches 
require much more data than conventional pollution assessment techniques. The lack 
of reliable and accurate data has been highlighted as another major barrier to the 
further use o f LCA (Azapagic, 1997; Curran, 1997). It has been highlighted that the 
unavailability o f data from other members of the supply chain has lead to the current 
practice o f using non-specific, so called average background data. Schaltegger has 
argued that such use o f background data is “economically inefficient compared with 
site-specific environmental management and that it is likely to result in ecologically 
wrong decisions (Schaltegger, 1997). This argument lies on the premise that ‘better’ 
decisions can be made if actual, case specific data only is used. However, this
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argument is flawed because to take this stance ignores the general consensus that 
without a Life Cycle view it is possible to simply transfer environmental problems 
from one stage in the Life Cycle to another. Schaltegger does indicate the potential 
that standardised, site-specific management systems (e.g. ISO 14000 and EM AS) 
have to deliver easily verifiable data. With the increased implementation o f such 
management systems, along with the increased requirements for transparency and 
public access to information there is increasing opportunity for LCAs to be based on 
actual site-specific data.
An alternative solution to data availability involves reducing the amount of data 
required. This can be achieved by streamlining the LCA. This can involve not only 
making data more available, but also limiting the number of Life Cycle stages to be 
examined or limiting the impact categories to be examined. It has also been suggested 
that ‘threshold’ levels could be used to eliminate the very small impacts. However, it 
must be ensured that data omission is not to such an extent that the study moves away 
from a Life Cycle basis, thus introducing potential for misleading results (Curran and 
Young, 1996). Future research must develop the potentials o f streamlining LCAs, but 
must also investigate whether omission of data can lead to serious environmental 
problems being overlooked.
There is a clear need for further research concerning the integration of Life Cycle 
approaches into the decision making process, be that for determining the case specific 
BPEO or for wider policy issues. Adoption of Life Cycle perspectives would enable 
legislation to achieve a higher level of protection for the environment as a whole and 
would support the move towards sustainability.
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3.0 Progress of Research
This section o f the report discusses the research carried out during the first two years 
o f the Engineering Doctorate. The aim of the research, as defined at thé end o f year 1 
was to determine the requirements o f environmental legislation and thus, through the 
use of appropriate assessment methodologies, identify (and install) the Best Available 
Techniques (BAT - EC IPPC definition) for the glass manufacturing and waste to 
energy industries. As discussed in section 3.2 below, this aim has subsequently been 
modified with a greater focus on Life Cycle techniques and policy-making, though the 
overall aim is still the identification o f BAT.
Whilst much o f the research has been applicable to the process and manufacturing 
industries. as a whole, the initial phase o f the research has been focussed on 
establishing the current legislation and available techniques for control of atmospheric 
pollution in the glass manufacturing industry. The rational for choosing the glass 
industry is that it is one o f the remaining sectors of industry which has not yet met its 
deadline for upgrading to the standards set under the Environmental Protection Act 
1990 (EPA90). For this reason, there exists an opportunity to contribute to the 
ongoing discussions concerning BATNEEC. Additionally, as Lurgi is a leading 
contracting company, supplying various types o f gas-cleaning systems to the glass 
industry worldwide, the choice has allowed close involvement with developments in 
both available techniques and environmental legislation.
3.1 The Glass Industry  -  Investigation of Existing Legislation and Techniques
As noted in section 2.0, an extensive literature review was carried out to investigate 
the legislative requirements for atmospheric pollution control in the glass industry 
(Nicholas et al., 1997a). In addition, attendance at GLASTEC 96 -  Düsseldorf, 
Germany, one o f the worlds largest exhibitions for glass technology, allowed first 
hand comparison of the various techniques available for the control of atmospheric 
pollution. These were discussed in a presentation that can be found in appendix A.
The existing situation with regard to legislation and techniques for the control of 
pollution from glass furnaces has recently been summarised by Nicholas and Terry 
(1998) (see appendix B). It was highlighted that glass manufacturing is listed under 
EPA90 for Local Authority Air Pollution Control (LAAPC), which requires operators
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of glass furnaces to upgrade existing processes to use the Best Available Technique 
Not Entailing Excessive Cost (BATNEEC) and to meet the specified atmospheric 
emission limits, no later than October 2001 (Table 3). Currently, no glass 
manufacturers have installed gas cleaning equipment to meet their EPA90 obligations.
Table 3. Emission limits for glass manufacturing processes.
Source: DoE (1994) and DoE (1995)
Com ponent Typical values 
(mg/Nm^ - 8% O2, drv)
LAAPC 2001 Limits 
(mg/Nm^ - 8% 0 2 , dry)
Sulphur oxides (as SO2) 
-gas fired 350-900 750
-oil fired 2500-3800 1750
Nitrogen Oxides (as NO2) 1000-4000 2700
Fluoride (as HF) 5-30 5
Chloride (as HCI) 30-200 50
Total particulate m atter 50-1000 100
Regulatory information concerning BATIÆEC for the glass industry is limited. Since 
glass falls under LAAPC, the guidance notes only give information about emission 
limits and do not discuss the techniques available for achieving them — yet alone that 
which may be considered BATNEEC. Other documents, such as the good practice 
guide for glass (DoE, 1994), have discussed the various techniques but do not draw 
any specific conclusions. Any further discussion has taken place behind closed doors 
between the regulators and the furnace operators. Because of this situation, existing 
discussion of BATNEEC has been on a speculative basis only. Goode et al (1996) 
highlighted that, wherever possible, reduction o f pollutants at source should be the 
first priority (e.g. control of batch and furnace conditions). However, where emission 
limits cannot be achieved by these primary methods (the case for many furnaces) it 
will be necessary to use other techniques. Goode suggested that BATNEEC for the 
glass industry might involve dry injection of lime into the furnace waste gas (for acid 
gas removal), followed by a reaction tower, an electrostatic precipitator (for 
particulate removal) and a fan, as shown in figure 1 (overleaf). This proposal has 
additional weight when it is considered that this is the predominant arrangement o f the 
gas cleaning systems that have been installed by Lurgi and successfully operated on 
glass furnaces worldwide.
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Figure 1. Possibly BATNEEC, if primary techniques are insufficient.
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3.2 A research focus
It was important to gain a focus for the research at an early stage. On the basis that 
the glass industry is required to meet emission limits through adoption o f BATNEEC, 
and at that time (December 1996) BATNEEC was considered to be that shown in 
figure I, initial possibilities for research focus included process modelling and 
optimisation o f the Lurgi dry gas-cleaning system. However, this option was 
dismissed due to two factors. Firstly, the organisational structure of Lurgi did not 
lend itself to research in the UK; The R&D section o f Lurgi is based in Frankfurt. 
Secondly, and o f a more fundamental importance, the legislation controlling the 
process industries entered a transition phase. As discussed at length in section 2 . 1, the 
new IPPC Directive must be adopted by Member States by October, 1999, and covers 
a much wider scope than is currently included in EPA90. Since the glass industry has 
been included within IPPC, it will for the first time be subject to an integrated system 
of pollution control, which includes not only emissions, but also considerations 
including raw material consumption, energy efficiency and off site waste disposal. 
These changes warranted a reassessment of pollution control techniques and it was 
considered premature to focus on process optimisation when it was not certain that the 
process shown in figure 1 would eventually be considered B AT (IPPC definition).
The requirement for Member States to adopt IPPC by October 1999 introduced a new 
perspective to the research, and put a greater emphasis on the initial aim to “determine
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the requirements o f environmental legislation”. As discussed in section 2 .1, the 
increased scope o f IPPC would require substantial revision of HMIP’s/EA’s already 
much criticised BPEO methodology. Moreover, legislation impinging elsewhere in 
the supply/disposal chain o f certain products, for example Producer Responsibility, 
created a focus for the research with regards to the examination o f the environmental 
impacts of policy throughout a product’s Life Cycle. It has already been highlighted 
in previous research that the ultimate BPEO, considering Life Cycle environmental 
impacts, could be somewhat different to the outcome o f a BPEO assessment within 
the limited scope o f existing legislation (e.g. Azapagic, 1997). For example, BPEO as 
defined for a process controlled under EPA90, which is emissions focussed may be 
somewhat different from the BPEO as defined under IPPC, which could in turn be 
different from the absolute BPEO taking into consideration all Life Cycle 
environmental impacts. Through determining the scope o f legislation it should be 
possible to assess the environmental impact caused by the requirements of that 
legislation. Thus it should be possible to assess whether new policies achieve actual 
improvements in impact throughout the Life Cycle and also whether they promote the 
most sustainable situation with regards to current state-of-the-art techniques.
As already stated, the original aim o f this research was to determine the requirements 
of environmental legislation and thus, through the use o f appropriate assessment 
methodologies, identify (and install) the Best Available Techniques (BAT - EC IPPC 
definition) for the glass manufacturing and waste to energy industries. It has been 
recognised that, in order to make a true contribution to knowledge, the research must 
achieve more than the identification o f BAT within the scope of IPPC. That will soon 
be published in the form of BREFs from the EC. The focus should be on the critical 
evaluation of the Life Cycle impacts o f the proposed BATs and the methodology by 
which those BATs were identified. Moreover it is necessary to perform an 
assessment o f the environmental impacts caused by IPPC and the relationship o f IPPC 
with other areas o f environmental policy. The achievement of these goals requires the 
development o f appropriate assessment methodologies for the assessment of 
legislation and policies.
As discussed .in section 2.2, experts in the field of LCA have, for many years, been 
highlighting the need to use LCA to guide policy making and to ensure that legislation
C:\My Documents\MN\reports\2yrdisa.doc • 23
2" Year Dissertation - M.J.Nichoias
generates overall environmental improvement without transferring burdens around the 
Life Cycle. However, uptake of Life Cycle thinking to support the policy making 
process has been slow. The thesis has focused on the need to develop methodologies 
for the assessment of the wider environmental impacts of policies. This must be 
performed not only on the basis of individual pieces of legislation, but also on the 
basis of the. combined influence of that legislation throughout the Life Cycle. The 
overall aim of such an assessment must be to support the creation of an integrated 
network of policies and legislation, which encourages sustainable development.
3.3 M ethodology - Thesis Development through Publication and Peer review 
Having used the first year o f research to gain expertise in the field and develop a 
research focus, the project then progressed through a combination of continuing 
review o f the literature, publication of ideas and peer review, to achieve thesis 
development. The publication of different pieces o f work, which follow different 
strands, and the subsequent development of the project, giving regard to the peer 
review, is core to the development of this portfolio. There are four main themes 
which have run throughout the research: 1) The expanding scope of environmental 
legislation, 2) The development of Life Cycle Policy Mapping, 3) The use of LCA for 
IPPC BAT Assessment and 4) specific Glass industry case studies.
3.3.1 Controlling Industrial Emissions
The first occasion when the research work was presented to an external audience was 
at Controlling Industrial Emissions -  Practical Experience. This was a two-day 
international symposium organised by the Institution of Chemical Engineers, held at 
the Commonwealth Institute, London on 3-4 November 1997. A paper was presented 
at this conference, as a poster presentation, titled ‘Atmospheric Pollution Control in 
the Glass Industry: The need for a life cycle approach’ (Appendix C). It highlighted 
the increasing scope of legislation, both in terms o f IPPC and Producer Responsibility 
and proposed that Life Cycle thinking should be used to guide the choice of BAT and 
BPEO. This was a very timely paper, because, at the same conference, another 
speaker focussed on controlling emissions in the glass industry, and took a semi-Life 
Cycle perspective to promote in-furnace NOx reduction whilst casting doubt on the 
environmental benefits o f End-of-Pipe technologies (McIntosh, 1998). Whilst there 
were some points within the methodology that can only be described as dubious (for
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example the paper compares emissions o f NOx, CO2 and particulates like for like on a 
mass basis) it is significant that industry is starting to adopt the wider perspective. 
Moreover it is crucial to note that industry is using a Life Cycle perspective, claiming 
it is consistent with the aims of IPPC, to challenge current thinking on BATNEEC 
and future BAT.
Probably o f greater importance with regard to the development of this thesis was the 
poster that was presented at Controlling Industrial Emissions. A full version of this 
can be found in appendix B of the third six monthly progress report, dated 1/4/98. 
Whilst the second half o f the poster focussed on the holistic approach o f IPPC and the 
need to use LCA in order to compare the candidate BATs within the BREFs, it was 
the first half of the poster which provided the most stimulus for discussion (figure 2 - 
overleaf). Here it was demonstrated that EC environmental legislation now has an 
influence throughout much of the Life Cycle o f a product. To enable this to be shown 
by graphical representation, the Life Cycle o f a glass container was used as an 
example. As an illustration, the scope o f IPPC and Producer Responsibility was 
highlighted on the Life Cycle diagram (see figure 2). This, for the first time, clearly 
demonstrated that IPPC has control over products within its scope from ‘cradle-to- 
gate and that Producer Responsibility has control from ‘gate-to-grave’. Many 
delegates noted that analysis o f legislation from this perspective provided a very 
useful basis for discussion.
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Figure 2. Poster presentation at Controlling Industrial Emissions.
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3.3.2 Legislation’s Going Holistic
The theme o f the interactions between IPPC and Producer Responsibility 
continued in an article published in The Chemical Engineer titled ‘Legislation’s g ^ r r ^  
holistic’ (Nicholas, 1998c -  appendix D). This article takes a broad look at indc5=r% 
as a whole to discuss the wider scope o f IPPC and Producer Responsibility com pared  
with current UK legislation. It also introduces LCA as a tool for assessing ± ie se  
wider impacts. In addition, it was in this article that it was first note: that one cC liie  
challenges facing future policy makers will be to establish .co-ordinadon between: th e  
control of industrial processes, producer responsibility and the varitus other p o n c^  
tools which influence different stages in the Life Cycle. Use of Life Cvde thinkirag tc  
guide the policy-making process is a theme that has been built upc: in more recem: 
research. It should also be noted that this article has been used as the basis for a smort; 
section, which will be included in the Royal Commission on Environm ental 
Pollution’s report On environmental standards, soon to be published.
3.3.3 LCA for IPPC BAT Assessment
Having identified that the IPPC directive will have a large influence on the U K ’? 
industrial pollution control legislation, and having been involved widi resDondins to  
the two government consultation documents on the UK implementation o f I ? ? C  
(DETR, 1997, 1998), it was decided that a more detailed assessment of the scone o r  
IPPC should be carried out. The assessment resulted in the paper ‘B.\T Assessnoenm 
Under the IPPC Directive: A Life Cycle Methodology’ (see appendix 5). It should b e  
noted that, when referring to the version in appendix E, it is a working draft copy ro d  
thus liable to subsequent change.
The first section o f the paper was used to demonstrate the expanding scop 
legislation for industrial pollution control, as represented by the c:-ne in figure 3 
(overleaf). This diagram illustrates that, starting from the limited scope o f  s iog ie  
medium controls (bottom), industrial environmental legislation has gr:wn through, ro e  
current regime involving Environmental Quality Standards and P C  towards roe 
consideration of off site considerations, clean technology and full proruct assessroeoo 
driven by the ultimate aim o f sustainability.
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Figure 3. The w idening scope o f  industrial Dolluticn control.
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:i.anui.aC'.urLiig impay,.:-, ana in tne investigation or tne use of Life Cycle technioues 
within policy-making.
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3.3.4 Presentation a t ‘Glass opportunities — The challenge of waste m anagem ent’ 
A presentation was made at the Society for Glass Technology’s spring meeting, 13*- 
15 May 1998, which had the theme, Glass opportunities — The challenge o f waste 
management . This gave the first opportunity for the research to be presented to a 
specialist audience of industrialists with a specific background in the glass industry 
(appendix F).
The presentation introduced LCA and its potential to be used as an assessment tool 
under the forthcoming IPPC legislation. In order to demonstrate the scope o f IPPC, 
and the relevance o f a cradle-to-gate’ LCA, the foreground/background approach as 
introduced by Clift and Doig (1996) was used (this has also been included in the paper 
covering LCA for IPPC BAT assessment — s.3.3.3). The diagram that can be drawn 
by classification o f the system in this way is given in figure 4. Those involved with 
the IPPC policy-making process noted that this diagram provides an especially good 
representation o f the boundaries of an IPPC BAT assessment.
Figure 4. The system boundaries for an IPPC BAT assessment.
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In addition to the scoping of IPPC, the presentation was used to gain feedback on a 
developing idea concerning the Policy M ap’ which was presented at Controlling 
Industrial Emissions (figure 2 — s .j.3 1). It was proposed that the process of
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identifying the scope of policy and indicating this scope on a Life Cycle diagram
should be called ‘Life Cycle Policy Mapping’ or LCPM. Although at the time of
presentation no methodology for achieving this had been developed, the concept was
given a good reception, which gave encouragement for further development of 
LCPM.
3.3.5 Life Cycle Policy M apping: An environm ental decision support tool
In addition to the presentation for the Society for Glass Technology, other 
presentations to the Centre for Environmental Strategy (University of Surrey) and 
the EngD s LCA forum enable further development o f Life Cycle Policy Mapping 
(LCPM). On all occasions the concept was given a positive response. In order to 
establish a point from which developments could be made a concept paper was 
written and presented at the 1998 EngD conference. The paper (appendix G), titled 
Life Cycle Policy Mapping: An environmental decision support tool, introduces 
LCPM as a technique that can be used to highlight the interactions between and 
environmental impacts caused by individual pieces o f legislation. It is noted that 
LCPM can encourage Life Cycle thinking and can provide support to environmental 
managers and legislators when aiming to achieve an integrated network of co­
ordinated policies that gives protection to the environment as a whole.
As defined in ISO 14040, there are four major stages o f an LCA; definition of goal 
and scope, inventory analysis, impact assessment and interpretation o f results (BS EN 
ISO 14040: 1997). LCPM introduces an additional analysis of legislation (within the 
inventory analysis stage) resulting in a map that provides a clear visualisation o f the 
scope o f policies throughout the Life Cycle (figure 2). Moreover, through identifying 
the influence o f policy on the Life Cycle, LCPM enables an assessment o f the Life 
Cycle impacts caused by the limits/targets set within existing/proposed policies and 
pieces of legislation. LCPM is a novel tool which can be used to support policy 
makers and encourage a network of co-ordinated policies, with the aim o f minimising 
the overall environmental impact and ensuring that policies do not simply transfer 
impacts to other stages in the Life Cycle.
3.3.6 Forthcom ing Publications - . \
The value o f LCPM and its potential to support and promote discussion o f policy 
issues has been further demonstrated in two articles, which are currently pending
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publication: ‘The winding road to environmental compliance’ in Glass, September 
1998 (appendix B) and ‘IPPC and Producer Responsibility -  A Possible Way to 
Embed Industrial Ecology? in the Journal o f Industrial Ecology (appendix H). The 
primary author for ‘The winding road ...’ is Nicholas, M.J. and for ‘IPPC and 
Producer Responsibility...’ is Clift, R. These articles both use an LCPM diagram to 
support discussion o f current policy issues -  much o f which has been mentioned 
previously in this report.
3.3.7 Process Engineering within Lurgi UK
Throughout the first two years, the research engineer has been involved with design of 
systems for the cleaning o f waste gas from glass furnaces. This has been as part of 
the sales team that compiles proposals in the process o f tendering for jobs. In addition 
to a period o f training at the parent company’s offices in Frankfurt am Main, a design 
spreadsheet has been developed. This is the first o f its kind in Lurgi UK. In addition 
to gaining technical experience, the role of process engineer within the sales team has 
allowed close contact with developments in the glass industry.
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4.0 Contribution to Knowledge and Proposed Future Research
The development of LCPM has been a significant contribution to knowledge. Whilst
it has been identified by other researchers that there is a need to use Life Cycle
approaches in the policy-making process, there has been little progress in developing
techniques which allow this (as discussed in s.2.2). LCPM is a novel approach that
encourages Life Cycle thinking during policy-making. Future research must aim at
strengthening the methodology through its application to different product Life 
Cycles.
Other contributions to knowledge have arisen from the discussion o f policy, both in 
published articles and at conferences/meetings, and the many issues that have been 
highlighted. In particular, the simplification o f legislative jargon, the presentation o f 
legislation in diagrammatic form (e.g. cone diagram -  figure 3) and the articles 
concerning IPPC and Producer Responsibility are making important contributions'to 
the ongoing debate which forms part o f the wider policy-making process. Further 
evidence that the research is proving successful at this level stems from the fact that 
the author is being invited to write journal articles (e.g. Nicholas and Terry, 1998) and 
has been referenced by the Royal Commission on Environmental Pollution in its 
forthcoming report on Environmental Standards.
In the immediate future there is a need to work on the two papers concerning LCPM 
and BAT assessment for IPPC, so that they can be published in refereed journals. On 
a more general basis, the research will become more quantitative. There will be a 
period o f data collection, whereby information must be collated concerning the 
material and energy flows for glass and waste to energy. Once this has been achieved, 
then a number of different assessments will be carried out.
O f a high priority is research to determine the Best Available Techniques for the glass 
manufacturing industry. This will be carried out using a streamlined LCA/LCPM and 
multiobjective optimisation techniques to assess differing techniques as applied to a 
fictitious glass manufacturing facility. It is expected that there will be three differing 
scenarios to identify: 1) The technique which constitutes BATNEEC as defined in 
EPA90, 2) The technique which constitutes BAT as defined in IPPC and 3) The state-
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of-the-art technique for optimum environmental performance (excludin 
considerations).
g cost
Having identified and assessed the various techniques, including identification of the 
‘best’ techniques, the research will look at the same issue from a slightly different 
perspective. Still using LCA/LCPM and multiobjective optimisation, the research 
will investigate the existing environmental legislation for control o f glass furnaces in 
different EC Member States. ' Through an evaluation of the economic and 
environmental Life Cycle impacts o f this differing legislation, the optimum legislation 
will be identified. It will be assessed whether this optimum requires adoption of 
techniques which are comparable to the previously identified state-of-the-art.
In addition to further investigations o f the glass industry, the research will investigate 
policy issues concerning waste-to-energy. A limited amount of literature has already 
been reviewed, but it will be necessary to make a much more thourough investigation. 
In addition to the identification o f BAT for waste-to-energy, it is anticipated that 
research will focus on issues such as: When is waste-to-energy the BPEO (i.e. for 
which wastes under which conditions)? Is a waste hierarchy usefull? How is the 
waste management infrastructure, comprising o f installations that have lifetimes o f 
many decades, affected by rapidly changing waste management policies?
If  time allows the research will also test theory that legislative influences, which can 
force step changes in technology, have a greater environmental impact (throughout 
the life cycle) than incremental improvements in established technology. This should 
highlight the import role which legislators play in determining the environmental 
impacts caused by a system, and hence the necessity for the policy making process to 
adopt Life Cycle approaches.
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5.0 List of Acronyms
BAT
BATNEEC
BPEO
BPM
BREF
DETR
DoE
3Es
EA
EC
EMAS
ENDS
EPA90
HMIP
IChemE
IPC
IPPC
LAAPC
LCA
LCPM
NOx
NSCA
PVC
RCEP
RE
SETAC
SOx
Best Available Techniques (IPPC)
Best Available Technique Not Entailing Excessive Cost (EPA90) 
Best Practicable Environmental Option 
Best Practicable means 
BAT Reference Document
Department of the Environment Transport and the Regions 
Department of the Environment
Emissions, Efficiencies and Economics (EA’s methodology)
Environment Agency
European Community
Eco-Management and Audit Scheme
Environmental Data Services Ltd
Environmental Protection Act 1990
Her Majesty’s Inspectorate o f Pollution
Institution o f Chemical Engineers
Integrated Pollution Control
Integrated Pollution Prevention and Control
Local Authority Air Pollution Control 
Life Cycle Assessment 
Life Cycle Policy Mapping
Oxides of nitrogen
National Society for Clean Air and environmental protection 
Polyvinyl chloride
Royal Commission on Environmental Pollution 
Research Engineer
Society for Environmental Toxicology and Chemistry 
Oxides o f sulphur
WISARD Waste -  Integrated Systems Assessment for Recycling and Disposal
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Presentation given to Lurgi UK detailing Gas 
cleaning technologies in the Glass industry
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Appendix B
The Winding Road to 
Environmental Compliance
Paper to be published in 
GLASS, September 98
The winding road to environmental compliance
Mike Mcholas^ and Alan Terry ^  discuss the twists and turns along the 
EC s legislative pathway towards control of gaseous furnace emissions.
An inherent element of the glass making process is the form ation of gaseous 
pollutants. These arise from the glass melt itself, from the combustion products 
of furnace firing or from elsewhere, for example off-site generation of electricity. 
Pressure has been mounting in recent years to reduce pollution levels and to 
achieve acceptable air quality standards. This article discusses the flurry of new 
Directives emanating from the EC.
Current UK legislation
For the past seven years the UK glass manufacturing industry has been aware o f  its 
obligations established under the Environmental Protection Act 1990 (EPA90). Most 
glass manufacturing processes have been prescribed for regulation by Local Authority 
Pollution Control (LAAPC). Guidance notes were issued in 1991 and revised in 
1995 . LAAPC requires operators to upgrade existing processes to use the Best 
Available Technique Not Entailing Excessive Cost (BATNEEC) and to meet the 
specified atmospheric emission limits, no later than October 2001 (Table 1).
Table 1. Emission limits for glass manufacturing processes.
Component Typical values 
(mg/Nm"* - 8% O2 , dry)
LAAPC 2001 Limits^) 
(mg/Nm^ - 8% 0 2 , drr)
Sulphur oxides (as SO2 ) 
-gas fired 350-900 750
-oil fired 2500-3800 1750
Nitrogen Oxides (as NO 2 ) 1000-4000 2700
Fluoride (as HF) 5-30 5
Chloride (as HCl) 30-200 50
Total particulate matter 50-1000 100
The options for BATNEEC have been discussed previously at length. Goode et al“^ 
highlighted that, wherever possible, reduction o f pollutants at source should be the 
first priority. However, where emission limits cannot be achieved by primary
methods it will be necessary to use other techniques. It was suggested that
BATNEEC for the glass industry might involve dry injection o f lime into the furnace
waste gas, followed by a reactioh tower, an electrostatic precipitator for particulate
removal and a fan, as shown in figure 1. Indeed, this is the predominant arrangement
o f  the gas cleaning systems that have been installed by Lurgi on glass furnaces 
worldwide.
Figure 1. Possibly BATNEEC, if  primary techniques are insufficient.
F a r n a c e
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The advantages o f  the dry system with precipitator (as opposed to wet/semi dry 
scrubbing and/or fabric filters) include:
• High.efficiency abatement for gaseous and particulate pollutants (easily capable o f  
meeting the stringent German TA-Luft emission standards).
• Low pressure drop, and low energy consumption.
• Low maintenance.
• Dry handling o f  lime and reaction products.
• N o visible plume under most atmospheric conditions.
•  No effluent treatment or spent bag disposal.
• Recycling o f  reaction products to batch possible in most cases.
• Advantageous, clean gas side waste heat recovery possible.
• High operating temperature allows application o f SCR deNOx technology.
The road to IPPC
At a time when many glass manufacturers are preparing to install abatement 
equipment, to fulfil their obligations under EPA90, a new twist in the legislative saga 
has emerged from the European Community (EC). Glass manufacturing has been 
included within a new EC Directive on Integrated Pollution Prevention and Control 
(IPPC)^), which came into force on 16th October 1996. The UK, along with all other 
EC Member States, is required to adopt the laws, regulations and administrative 
provisions necessary to comply with the directive not later than October 1999.
In some respects IPPC is similar to the UK's Integrated Pollution Control (IPC) 
regime. IPC was established under EPA90 with the remit to cover the more complex 
and potentially more polluting processes. It involves the integrated control of 
polluting releases into all three environmental media (air, water and land). The 
philosophy behind this approach stems from the fact that, in controlling emissions to 
one environmental medium, there is a danger o f  simply transferring them into 
emissions elsewhere. For example, use o f scrubbing equipment may convert gaseous 
pollutants into a liquid effluent or a solid waste. In addition, IPC recognises that it is 
inappropriate to adopt blanket emission limits, as there are many case specific factors 
which need to be considered when choosing the Best Practicable Environmental 
Option (BPEO) for a given site. The IPPC directive has adopted these concepts, and 
for the first time in the UK (and many other EC Member States) the glass 
manufacturing industry will be subjected to an integrated form o f  control, requiring 
site specific assessment. However, whilst IPPC is similar to IPC in these aspects, it is 
important not to get caught out. There are some fundamental differences.
One o f the major impacts that IPPC will have on UK legislation concerns the variety 
of issues to be regulated. The Directive covers a very wide range o f  environmental 
impacts, taking a more holistic approach. Not only does it cover emissions, but also 
it requires regulators to consider noise, energy efficiency, use o f  raw materials, off 
site waste disposal, accident prevention and site restoration. This wider scope is also 
evident in the definitions behind IPPC’s acronym, BAT. Here, ‘B est’ is with respect 
to the environment as a whole (not just polluting releases); ‘Available’ incorporates 
wider cost/benefit considerations (i.e. includes NEEC); ‘Techniques’ not only 
includes the technology used, the way it is designed, built, maintained and operated.
but additionally the methods for decommissioning. As illustrated in table 2, IPPC 
covers far more than LAAPC or IPC.
Table 2. Enforced requirements o f  control regimes.
LAAPC IPC IPPC
Prevent or reduce emissions to: Air y y y
W ater Occasional y - y
Land Occasional y y
Efficient use of energy Occasional y
R aw  material consumption Occasional y
W aste reduction Occasional y
O ff site waste disposal y
Noise, Heat and Vibration y
Post closure site restoration y
A ccident prevention y
In order to guide Member States in enforcement o f  BAT, the EC is co-ordinating an 
exchange o f  information’. This is being carried out at the Institute for Prospective 
Technological Studies (IPTS) in Seville and the result will be a set o f  BAT Reference 
Documents (BREFs) for each industry sector. Within each BREF will be information 
regarding candidate techniques and ‘reference levels’ for environmental 
performance. The BREFs will be for guidance purposes only and the weight that they 
carry will depend heavily on the status they are given by each member state. They 
will not set legally binding limits, nor will they set out any specific methodology for 
comparison o f  candidate BATs. That is left to the responsibility o f  each Member 
State. Ultimately, the impact IPPC will have on industry will depend upon the 
manner by which the Directive is transposed into national legislation.
Through allowing Member States to implement IPPC on an individual basis, the EC is 
risking inconsistency in regulation and differing environmental performance. This 
would be far from the harmonisation envisaged. In anticipation o f  differing standards 
IPPC allows for emission limit values to be set some time in the future, at an EC 
level, if  there is a need to do so. However, this may result in watering down o f some 
Member State’s legislation in order to make limits acceptable to others. Additionally, 
blanket limits would be in contradiction to the principle o f  case specific assessment. 
Would it not be more appropriate to adopt a uniform assessment methodology, thus 
allowing BAT decisions in all Member States to be made on the same basis?
Currently, the UK government has circulated two consultation documents regarding 
implementation o f  IPPC. With respect to assessment o f  BAT (Integrated 
Environmental Assessment), statutory guidance has been proposed. Other issues 
covered by the consultation documents include: Who will regulate IPPC processes? 
What will be the role o f the Guidance? How will the wider costs and benefits o f  an 
installation be accounted for? And how should issues relating to site restoration be 
addressed? For now these issues remain unresolved, but it is already clear that 
EPA90 and the current LAAPC/IPC regimes will need' to be significantly modified. 
This must be achieved prior to the October 1999 deadline for Member State 
implementation.
The bigger picture
Glass manufacturers are only too aware that industrial pollution control legislation is 
not the only environmental policy coming from the EC at the moment. Producer 
Responsibility, which encourages producers to regain value from their ‘waste’ 
products, has already been applied to packaging. Directives covering electronics 
goods and automobiles are also on the way. These directives, like IPPC, cover a 
much wider scope than has previously been seen. To assess the impact o f  these 
Directives on the environment as a whole it is necessary to consider the entire Life 
Cycle o f  the product (see figure 2). For example, reduced emissions and energy use 
in the furnace, through use o f  larger quantities o f cull et, can only be achieved at the 
expense o f increased emissions and energy use caused by the waste management 
Stages o f transport and reprocessing. To optimise the system. Life Cycle thinking 
suggests that glass recycling would be most beneficial in densely populated areas with 
a glass furnace nearby, thus minimising transport burdens. In which case the question 
should be asked, why are all Local Authorities, rural and urban, encouraged to 
maximise their recycling? Should not efforts be focussed on urban areas?
Figure 2. Environmental policy covering the Life Cycle o f a glass container.
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In addition to IPPC and Producer Responsibility, other EC Directives covering air
quality and sulphur content o f fuels will also have an impact on the techniques used in
glass manufacturing. To make a decision on the BPEO for glass manufacture, the
potential influences o f  all these differing policies need to be considered. Will future
air quality standards for PMioS become significantly more stringent, thereby
increasing the mass o f  particulates to be removed from waste gases? With resard to
IPPC, do the benefits o f gas cleaning outweigh the costs and how strictly should the
EC’s Polluter Pays Principle be enforced? Also considering IPPC, is Oxy-fuel firing
really beneficial when oxygen generation itself causes pollution? Will regulation
under IPPC require waste heat boilers on the flue gas to improve energy efficiency?
Will high sulphur fuel oil become unavailable or will it become a cheap- choice for
those who can bum it in furnaces fitted with gas clean-up equipment? Will Producer
Responsibility change the quantities o f  cullet used and significantly reduce furnace 
emissions?
Each o f the questions above merits a journal paper in itself, but one point is clear -  
there is currently much to discuss, and quickly! In the midst o f all the uncertainty it 
should not go unnoticed that the UK glass industry- has still to meet the emission 
limits set under LAAPC by October 2001. Whilst some manufacturers will be able to 
meet these limits using primary measures, these themselves may be expensive enough 
to warrant a longer term decision to fit gas cleaning plant. Moreover, there is the
probability o f  more stringent limits in the future that would only be achievable using
gas cleaning equipment. If it is considered that there are a limited number o f
reputable equipment suppliers, the pressure is on to avoid an eleventh hour scramble
to meet the deadline.
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Abstract
;iTa(inionally, (snvbrcwirnental law has hnjposeti reizulaiioris directl]/ oii pix)cessins 
laciiiiies to ensure that emissions from those sources are contained within acceptable 
imits. Whilst this form o f control still plays a major role in pollution prevention, 
legislation is now also used to influence other parts o f a product Life Cycle, with the 
aim o f  overall reduction in environmental burdens. When drafting such legislation, 
care has to be taken to ensure that measures do not simply transfer environmental 
burdens from one type or one source to another, with no net reductions o f pollutants.
In this paper, the glass manufacturing industry is used as a case study to demonstrate 
advances in the legislation developed for atmospheric pollution control. The main 
emissions from glass furnaces are discussed and the legislation which has been 
developed to reduce these emissions is investigated. This paper hic^hlichts 
i m p o r t  interactions found within the glass Life Cycle and raises questions as to 
the effectiveness o f  some legislation and the methods by which it is implemented. 
It IS proposed that case-specific studies, based on a Life Cycle approach, should be 
carried out to identify and assess the Best Available Techniques (BAT - as defned 
m the EC Directive on IPPC) and Best Practicable Environmental Option (BPEO) 
for pollution control in the glass industry.
Key words . Glass, Atmospheric Pollution Control, Life Cycle .Assessment. Directive on IPPC,
BPEO, Producer Responsability Regulations
1 The glass m anufacturing process
The process o f  manufacniring glass involves hearing up the batch o f  raw materials 
(mainly silica, lime and soda) to 1400 - 1600T , and maintaining that temperature to 
allow the homogeneous formation o f  the glass. Pfaender (1996) describes the process 
by which the raw materials o f the batch are heated and converted into glass in a 
continuous process. The materials are introduced into one end o f  the furnace (the ‘doa 
house ) and float on the surface o f the molten glass, which is contained within a
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refractory tank. As more raw material is fed in, the floating layer is pushed into the 
mam body o f  the furnace, at which point the materials start to melt and sink into the 
molten glass. The melting raw materials react and gas is evolved which bubbles up 
through the glass melt. The residence time of the glass in the furnace is calculated to 
allow time for the gas bubbles to escape, thus producing a homogeneous pool o f  molten 
glass. A large float glass fiimace can hold up to 2500 tons o f  molten glass, thus 
allowing a residence time o f  several days and requiring large quantities o f energy.
Figure 1. A typical glass furnace melting tank. Source : Pfaender (1996, p,37)
(I) glass batch comamar; (2) batch feeder, (3) batch feeding contoairment - ‘dog house’
2 Emission sources within the glass industry
The pollutants released from glass manufacturing processes are mainly gaseous. They
occur from the combustion o f fuels (oil or gas) to heat the batch and from the evolution
o f gases and particulates from the batch itself. The volume o f  gas created can reach
100,000 Nm'/hr for a large float glass furnace. This relates to 2500 NmVtonne o f  glass 
(DOE, 1994).
The major components o f  the waste gas stream originating from furnace firing, 
including the excess combustion air, are: nitrogen, oxygen, water, carbon dioxide, 
oxides o f sulphur (S O x ), oxides o f  nitrogen (NOx) and particulates.
The mam emissions formed by the melting process are: fine particulates (<0.2um), 
carbon dioxide (CO,), SOx , chlorides, fluorides, and miscellaneous vapours.
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Table / .  Waste gas composition for typical UK furnaces - Combined emissions from 
lumace firing and glass melt reactions. Source : DOE (1994)
Com ponent Concentration  
Gas-fired^ Oil-fired*
Nitrogen (Ni) % 73.6 76
Carbon dioxide (CO2) % 6.8 9 1
Oxygen ( 0 ,) % 6.1 7 4
Water (H^O) % 13.2 7.2
Oxides o f  nitrogen (as NO?) ms/Nm^ 2400 9] 00
Oxides o f sulphur (as SO?) mg/Nm^ 850»^ 3800
Hydrogen chloride (HCi) ms/Nm^ 30"^ » 30**
Hydrogen fluoride (HP) ma/Nm/ 8»» 8**
Paniculate matter ma/Nm.'’ 130*» 150**
Mostly produced by the glass melt.
3 Current legislation - EPA90
The Environmental Protection Act 1990 (EPA90) forms the body o f  legislation for 
control o f industrial emissions to Air and Land within the UK, though many processes 
with discharge to water are also included because o f their potential to pollute either Air 
or Land. Glass manufacturing in the UK is a prescribed process under Part B o f EPA90, 
i.e. it is prescribed for Local Authoriiy Air Pollution Control (LAAPC). Under EPA90, 
the Secretaiy_ o f State has published guidance notes setting deadlines for meeting 
speciiied emission limits (DOE, 1995a&b). The opening sections o f  the guidance notes 
highlight the objective to be met under section 7(2)(a) o f EPA90:
....ensuring that, in canying on a prescribed process, the best available techniques not 
entailing excessive cost (BATNEEC) will be used-
(i) for preventing the release o f substances prescribed for any environmental medium 
into that medium or, where that is not practicable by such means, for reducing the 
release o f  such substances to a minimum and for rendering harmless any such 
substances which are so released; and
(ii) for rendering harmless any other substances which might cause harm if  released 
into any environment.'
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Contained within the process guidance notes are the sections:
• Upgrading o f  existing processes
• Emission Limits and Controls
• Monitoring, Sampling and Measurement
• Storage and Materials Handling
• Chimneys, Vents and Process Exhausts
• General Operations
The limits laid out in the notes (Table 2) must be met by existing processes by October 
2001 whilst new processes must meet the limits immediatelv.
Table 2. Gaseous emission limits for glass processes (excluding lead glass) set under 
EPA90. Source : DOE (1995a)
W here the The
mass concentration*
emission should not
exceeds exceed
(mg/Nm'’)
Sulphur oxides (as SO?)
- gas fired furnaces 5kg/hr 750
- oil fired furnaces 5 kg/hr 1750
Nitrogen oxides (as NO?) 5 kg/hr 2700
Fluoride (as HF) 50g/hr 5
Chloride (as HCI) 300g/hr 50
Bromide (as HBr) 300g/hr 50
Total particulate matter**
A . 1
0.5kg/hr 100
*  * at present there is no distinction between differing particle sizes.
Additional gaseous emission limits are given for various soecified substances s 
selenium.
sucn as
The emphasis throughout the process guidance notes is that o f preventing or reducing 
the release to atmosphere o f the listed pollutants. Specific methods by which this 
should be achieved are not discussed and it is up to individual furnace operators to 
choose a method o f preventing or cleaning-up furnace emissions.
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4 European Integrated Pollution Prevention and Control (IPPC)
The greatest impact on the control o f  UK glass furnace emissions will arise from the 
inclusion o f the glass manufacturing industry in the EC directive on Integrated Pollution 
Prevention and Control. The IPPC directive came into force on 14^  ^ October 1996 and 
must be adopted by EC member states by October 1999 (Council Directive 91/61/EC). 
It should be noted that IPPC will, as discussed below, surpass the requirements o f both 
Local Authority Air Pollution Control (LAAPC) and Integrated Pollution Control (IPC).
Under article j o f  the directive, plant operators will be obliged to adhere to the 
following principles in that:
 appropriate preventative measures are taken against pollution, in particular
through the application o f  the best available technioues:
b) no significant pollution is caused;
c) waste production is avoided; where waste is produced, it is recovered or disposed of 
while avoiding or reducing any impact to the environment:
d) energy is used efficiently;
e) the necessary measures are taken to prevent accidents and limit their consequences;
f) the necessary measures are taken upon definitive cessation of activities to avoid any 
pollution risk and return the site o f  operation to a satisfactory state.’
Consistent with the move towards sustainabilitv', regulations under IPPC will require 
chat glass manufacturing processes are assessed on a much wider basis than that set 
under EPA90. Unlike current LAAPC, which is concerned only with emissions to 
atmosphere, IPPC requires the prevention or control of release o f substances to Air, 
Land and Water, and the protection o f the environment as a whole. This includes the 
efticienc use o f energy and conservation o f raw materials in the prescribed process itself, 
the use o f polludon control equipment and any other directly associated activities whith 
a technical connection. These objectives are not mentioned under LAAPC. In addition, 
requirement (c) implies that attention should be paid to Life Cycle concerns.
Currentlv, under LAAPC the choice o f technology required for pollution abatement is 
dv.cided on a site-specific basis with consultation between the glass furnace operators
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and the controlling authority. Specific technologies have not been highlighted. General 
cUidance has been published by Her Majesty’s Inspectorate o f  Pollution (HMIP) 
covering a wide variety o f pollution abatement technology for paniculate and trace gas 
removal (HMIP, 1994). However, this guidance does not consider pollution abatement 
at source, and focuses only on ‘end-of-pipe’ technologies with no specific 
rscommsndation for individual procsssss.
In contrast to the L.A.APC approach, a selection o f  technologies will be recommended as 
Best Available Technique (B.AT) for each specific process. ' In accordance with the 
Directive s pnnciples, requiring the development and exchange o f  information at 
Community level, guidance will be given for each industry sector. The guidance will be 
in. the form o f ‘Best Available Techniques Reference Documents’ (BRJEFs) and will 
cover a variety o f  state o f  the art techniques with information included with respect to 
the levels o f  pollution abatement each technique is capable of achieving (ENDS report 
268, May 1997). It will be the responsibilit)- o f  individual member states to determine 
which o f the recommended techniques should be used in any given specific case.
o The role o f Life Cycle Assessm ent in determining B.AT and BPEO
The inadequacies o f  current UK - methodologies for the assessment o f  pollution
abatement techniques were highlighted recently by the House o f  Commons
-■Environment Committee's report on the cement industry (ENDS report 269, June 1997).
ENDS cites that the current methodology for assessing the. Best Practicable
Environmental Option (BPEO) impedes the general duty to look at the environment as a
whole. .The existing BPEO assessment is criticized for several aspects, including the
concentration exclusively on process emissions and exclusion o f  impacts from raw
matenal selection, transport, off-site power generation and waste disposal. With the
introduction o f  IPPC and its requirement for protection o f  the environment as a whole, it
will be necessary to assess the environmental burdens caused by a process in a.more 
holistic manner.
Life Cycle Assessment (LCA) is a tool which can be used to assess the environmental 
impacts o f  products, processes or activities using a holistic or “cradle to grave”
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approach. As highlighted, one o f  the major drawbacks o f the current BPEO assessment 
IS that It looks solely at site specific process emissions. By using LCA, this issue would 
be solved as LCA goes further than looking at the waste streams from the processing 
stage. LCA provides a method for analysing the entire life o f a product or service 
provided, including aspects such as resource depletion, transportation and product end 
o f lire. Above all, it is this all-encompassing environmental philosophy that makes LCA 
such a powerful tool, by ensuring that reduced environmental burdens at one point in the 
cycie are not met at the expense o f  a greater increase in burdens elsewhere.
Glass manufacturing processes, falling under IPPC, will be required to assess not only 
atmospheric emissions but also wider impacts such as the quantities o f  materials and 
energy they consume. In chosing BAT for a given process, it w ill be necessary to 
consider, on top o f  the immediate releases to the environment, indirect environmental 
buraens such as those caused by energy generation. By using the cradle to grave 
approach provided by LCA, glass manufacturing can be assessed along with other 
processes to ensure that a high level o f  overall environmental protection is provided.
6 Energy consumption and glass recycling - A Life Cycle perspective
As discussed in the section above LC.A can be used to assess the impacts o f  a process on 
the environment as a whole. This approach can also, along with Life Cycle thinking, be 
used to guide other areas o f  legislation. This is best illustrated by examining container 
glass (packaging) and the producer responsibility regulations.
As indicated previously, glass furnaces consume large quantities o f energy in melting 
and refining glass. The UK average energy consumption for container glass furnaces is 
6.2 GJ/tonne glass (DOE, 1994), which makes glass manufacturing the second largest 
consumer o f energy after the Iron and Steel industry. One of the methods by which the 
quantity o f  energy required can.be reduced is by introducing recycled glass (cullet) into 
the furnace. According to the DOE (1994), a glass furnace remelting recycled glass uses 
25% less energy than a glass furnace making glass using raw materials.
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The energy savings achievable by recycling glass have'been acknowledged at both EC 
and UK levels. The UK Producer Responsibility Obligations (packaging waste) 
Regulations (1997) have now been introduced and set a target o f  reclaiming 50% o f  
packaging waste, with a minimum recycle rate o f 25%. This will have major impacts on 
the glass container manufacturing industry which accounts for 66% o f  total UK glass 
production (DOE, 1994). The producer responsibilit}' regulations are an example o f 
legislation which has been drawn up with the aim o f reducing energy consumption and 
emissions within the glass packaging manufacturing process, but this also imposes 
legislation on other members in the supply and collection chains. In assessing the effect 
oi such legislation a holistic. Life Cycle approach needs to be adopted.
figure 2. A  simplified Life Cycle diagram for a slass container
3uik  raw Colouring & 
fining agents Fuel
Quality
check
Ct,Ilet
Releases to 
atmosphere Sorting and 
r ea rm  eat o f  
used contain:
Cycle Oi a glass container includes its manufacture from raw materials, 
container filling and use. Once the container has become post consumer waste it can be 
returned for re-use, sorted for recycling, disposed o f or used in some other manner.
One o f the initial observations to be made from studying the Life Cycle o f a glass 
container (figure 2) is that, although a substantial amount o f energy is saved by using 
cullet in place o f raw materials, much energy has to be consumed in the..post consumer
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stages (Waste management, Sorting and treatment o f used container and Recycling). In 
addition to the electrical energy indicated, consideration o f proximity is an important 
factor. Each linking flow o f materials will require some degree o f transportation which 
in Itself causes depletion o f fossil fuel reserves and causes pollution. On the other hand, 
the use o f cullet avoids the use o f  raw materials and thus avoids their extraction and 
transportation burdens. Cullet use also avoids waste glass disposal with the avoidance 
o f  transport and landfill burdens. It is only possible to fully assess the impacts caused 
by recycling glass by carrying out a full Life Cycle Assessment.
It IS interesting to note that the UK is a net importer o f glass (Central Statistical Office, 
199ja&b), much o f  which is coloured. As discussed by The Association o f Municipal 
Engineers (1991), this produces an excess o f  coloured glass in the UK. In this case 
coloured glass is removed from the general waste stream and collected for recyclins. 
However, the requirement for coloured glass in the UK is low. Therefore, some o f the 
reclaimed glass is returned for disposal and hence much o f the energy used in recovery 
is wasted. If glass recycling in the UK is to increase, a solution to this coloured glass 
problem, highlighted using a Life Cycle approach, needs to be addressed.
According to The Association o f  Municipal Engineers (1991), approximately 68% o f  
container glass produced in the UK is colourless. To produce a colourless glass certain 
additives such as selenium compounds are used (West-Oram, 1979). Moreover, up to 
90% o f these additives can be volatalised and escape from the furnace with the flue 
gases. If increasingly poor quality cullet is used (more colour contamination), then 
additional agents must be added to remove the colour and hence the atmospheric 
emissions are increased. It is a possibility that, in an attempt to increase the use o f  
colour contaminated cullet in clear container furnaces, increasing amounts o f additives 
will be introduced, thus potentially increasing atmospheric emissions such as selenium.
The issues raised in this example have highlighted the need for examining a system 
from a Life Cycle perspective. This is o f  specific importance when drafting legislation 
which aims to control material flows within a system. For example, one o f the broad 
objectives o f the producer responsibility regulations with regard to glass is to reduce the
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amount o f energy used and the atmospheric pollution caused by the glass manufacturing
industry. However, it has been shown that in attempting to create a closed loop system
for glass, many additional burdens have been or may be created, throughout the Life 
Cycle.
7 Conclusions
It has been illustrated that LCA fulfills the criterion required to assess the environmental
burdens Oi a process in a holistic manner. This approach is necessary to ensure that
legislation introduces more sustainable methods o f practice. This has been
demonstrated to be applicable both in assessing the case-specific BPEO for pollution
abatement technologies/techniques and in examining wide ranging legislation such as
the producer responsibility regulations. Moreover, as the example o f energy
consumption has illustrated, it is not always necessary to perform a detailed LCA to
gam benefits from the Life Cycle approach. By analysing a system using Life Cycle
thinking, imponant areas o f concern can be identified and future efforts can be focused 
on them.
On the basis o f these findings it is proposed that case-specific studies, based on a Life
Cycle approach, should be carried out to identify and assess the options for pollution 
control in the glass industry.
Finally it should be noted that, whilst LCA can be used for assessing the environmental 
impacts o f a system, there are some areas such as the social acceptance o f  the proposed 
alternatives which LCA cannot address. An example o f  this has been identified in.this 
paper by using Life Cycle thinking to analyse the glass container industry. To solve the 
problem o f  excess green glass in the UK more products could be packaged in green 
containers. However, the acceptability o f this on a consumer preference basis would 
have to be assessed. Additionally the willingness o f individuals to separate and recycle 
differing colours o f  glass must be examined in a social context. Therefore, to gain a full 
perspective, environmental legislators must integrate a Lire Cycle approach with other 
tools such as sociological surveys, economic evaluations and aspects o f risk. Through 
the combination o f  all these tools a truly holistic approach can be used with the aim of 
creating a sustainable society.
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8 List of Symbols and Acronyms
Ba t  Best Available Technique (EC)
Available Technique Not Entailing Excessive Cost (UK) 
BPEO Best Practicable Environmental Option
BREF Best Available Techniques Reference Documents
Department o f the Environment
European Community 
Environment Agency 
Environmental Data Services Ltd 
Environmental Protection Act 1990
1 gigajoule= 1*10^ joules 
Her Majesty’s Inspectorate o f  Pollution
Integrated Pollution Control (UK)
Integrated Pollution Prevention and Control (EC)
Local Authority Air Pollution Control 
Life Cycle Assessment
Volume measured at standard conditions (273K and 101,3 kPa) 
Oxides o f nitrogen
Oxides o f sulphur
DOE
EC
EA
ENDS
EPA90
GJ-'
HMIP
IPC
IPPC
LAAPC
LCA
Nm"
NOx
SOx
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Appendix D
Legislation’s Going Holistic.
Article published in The Chemical 
Engineer, 30 April 1998.
legislation’s 
going holistic
sus tain a.biliry
A holistic approach 
to protection o f  the 
environment is 
■^mingyour way. 
Mike Nicholas reports
Jus: '^ 'her. you chough: you
kr.s^- all abouc Besc Praccicable
Eovironnisacal Opcions 
(BPEOs). here comes socueüiing co add 
a ne?.' dimension. European Union (EU) 
legisiadon has recendy moved cowards a 
holiscic approach co environmencal pro- 
cecdon. Wlch I: has come che need for 
■ ^.ider assessmenc of processes, produce 
and services, looking beyond emissions 
CO address issues chroughouc che manu- 
faccuring and supply chain. Incegraced 
Polludon Prevencion and Concrol (IPPC) 
leglsiadon, due by 1999, will endorse
philosophy.
;on'c lec che word “holiscic" chrow 
you. Holism says simply chac cercain 
wholes are greacer chan che sum of cheir 
pans. So a holiscic vi-w  of che environ- 
men: assesses noc jusc all o f man's differ­
ing environmencal ince.wencions. buc 
assesses chem as a whole, considering 
cheir inceraccions wich one anocher. This 
concepc is noc new for end-of-pipe 
emissions. As long ago as 1976, in ics 
fifch re pore A ir pollution control: an  inte- 
grated approach, che Royal Commission 
on Environmencal Polludon highlighced 
chac i.> concrolling emissions inco one 
medium (air, wacer or land), chere wa^ - 
da.nger of simply cransferring chem inco 
emissions elsewhere. Now ic is being 
applied more widely.
Prevention in IPPC
The El Direcciv* on IPPC. updacing IPC. 
:s currencly in consulcacion. and member
scares muse enacc legislacion by Occober
1999. Ic cakes che concepc of environ- 
m.encal nousm a seep beyond emissions 
concrol. In adcicion co che incegraced 
con..ol or emissions co air, w^r^r and 
soil, IPPC requires you co chink abouc 
^r.erg; emciency, che use of low- wasce 
cech.nolog;/, che recov-ry and recycling 
of subscances and che consumpcion and 
nacure of raw macerials (including w*a;er) 
uses IT. a process. These conceocs are 
providing a basis for che EU Be'sc 
AvaÜable Technique (B.AT) Reference 
documencs (BREPs), currendy being 
drarcec in Sevdle, Spain, and will bring a 
new dimension co assessmenc of che 
BPEO for a 
process.
Through 
addressing issues 
such as che con­
sumpcion and 
nacure of raw 
macerials, me EU is 
recognising chac 
environmencal 
Lmpac: caused by 
Induscrial process­
es goes far beyond 
che subscances 
which are released 
from, scacks or 
pipes. For exam­
ple, che reduction 
of chemical o.vy- 
gen demand 
(COD) from a liq­
uid effluenc may 
require techniques 
w’’nich use more 
ene.-g^ ,' and maceri­
als. The generation 
or chac energy and 
manufacrure of 
chose materials cre­
ate cheir own bur­
dens on che envi­
ronment. such as 
depletion of natur­
al resources. Thus.
any adcicional maceriai and energy use 
m.'usc be compared widn che original 
efnuenc. co ensure ch.at che final solution 
achieves a nign general le'.'cl of procec- 
cion o f che environment. Moreover, IPPC 
will require an analysis of me process 
upstream, of che effluent discharge, 
favouring reducdon of poUutinnTc 
source —  chac is, prevention — as 
opposée CO end-of-pipe soiudcns.
T h e  m a n u fa c tu re rs ’ 
re s p o n s ib ility
The EU"s holiscic approach to legislation 
for environmental procecdon is noc lim-
IChem^ F0 1 1 3 .T he la te s t IChem E title ...
SHOWCASE OF 
CHEMIC.AL ENGINEERING 
NOW ON CD ROM
The IChemE 1998 Research Event
Details o f che 243  concribucions presented a: che recent 
researcn event, held Univcriscy of Newcastle, are now  
a-v-ailable, for the first time, on CD-ROM.
Tne CD-ROM has a powerful search faciiir/, enabling che 
user co select by author, cicie, keyword, conference or 
m.c^e com plex searches using combinations o f  k ev  w o r d s ,  
i ^cre is also a book of abscraccs, making ic crulv user- 
friendly and an Lnvaiuablc reference.
Il60 .00/.\ûrii 1993 
CD-ROM plus book ofcbs:rac:s/lS3S 0 85295400 X
TO ORDER TEL ^44 I78S-57S214 OR F.A.X ^44 173S-5oOS55 
OR E-MAIL BOOKS.ALES@ICHZ.M£.ORG.n<
.Available from .IChemn Book Sales,
. 165-159 Railway i errace, Rugby 0 /2 1  3HQ UK
Add 5^  ^for postage ir. the OK and 10% fo r  overseas 
Member's discount:
50 April 1998
the  c h e m i c a l  en g in eer
'’'sustainability.
iced to concrol of induscrial processes. Ic 
muse simultaneously cake into consider­
ation che whole of a product's life, from 
acquisition of raw materials, through 
manufacture, through use, co final dis­
posal; from cradle co grave. To estab­
lish concrol over disposal options, 
recent “producer responsibilicy" legisla­
cion has focused on “end-of-life" prod­
ucts or materials co encourage cheir 
reuse, recycling or recovery.
An example is che packaging regula­
tions enforced in 1997. Tne targets sec 
for recovery and recycling of various 
packaging materials affect che entire 
waste management infrascruccure. Buc 
'onsibilicy lies with the producers, 
chac waste management costs are 
carried by manufacnarers and retailers. 
Process engineers have a vital role co 
play in ensuring chat rn.anufaccu.ring 
processes and products are designed co 
facilitate closed loop systems —  that is, 
systems which utilise wastes from one 
process as feedstock for others, remov­
ing che need for disposal.
Making d ec is io n s  by LCA
Life Cycle Assessmenc (LCA) is a 
process that evaluates all che environ­
mental interventions associated wich a 
product or service, from cradle co 
grave. To chemical engineers the fun­
damentals of LC.A are not new. The 
methodology is based around, che moss
d u ix  ra'w  
m a ' a e i a i s
Prscsss
u:iii:ias
and energy balance of a defined sys­
tem.
Having established the system 
boundaries and aims of the assessment 
(che jargon is “goal definition" and 
■scoping"), che material and energy 
consumpcion within the defined system 
must be identified and tabulated in data 
sheets (“inventory analysis"). The raw 
data are then classified according co che 
substance's contribution co a small 
number of environmental themes 
(“impact assessment"), such as ozone 
depletion pocencial, global warming 
potential, coxicicy to humans and ener­
gy depletion potential. By reducing a 
system to a small number of environ­
mental themes it is possible co compare 
very diiïerenc products or services, 
based on the function chat they per­
form. LC.A can also highlight “hotspots" 
in a life cycle; che stages causing great­
est environmental harm.
IPPC influences che front end of a 
product's life (see red section of Figure 
1). The life cycle method can be 
streamlined co give a “cradle co gate"
Life Cycle Inventory (LCD. To assess a 
waste management scmtegy a “gate co 
gravs“ LCI is appropriate (green section 
of Figure 1). When IPPC and producer 
responsibilicy are considered together, 
environmencal legislacion influences the. 
product's entire life cycle.
One of the challenges facing future
■ \ ___ ^  W a r.u fa c tu fir.g  !
/  *“ procsss ;
A ------------ — -
• ô m is s ic o s  tc  a ir L .
; l i c u 'C  e S i u e n ;  
i 3 .-.P  s c i i e  w a s r s
?2ci<agi.-.g;
sccsss
s r .argy
A. Figure I; cradle :o grace in cico easy seeps — red f ro m  cradle :o gate, green, f r o m  
gate to grace
policy makers will be to establish co­
ordination between the control of 
induscrial processes, producer responsi­
bility and che various other policy tools 
which influence different stages in che 
life cycle. An example is che manage­
ment of wasce paper, where LC.A chal­
lenges che established waste hiemrchy. 
LC.A suggests incineration may be bet­
ter, environmentally, than recycling 
(see TCE, 29 Jan p8).
G etting  involved
There is no doubt that fumre environ­
mental legislation will bring in wid=r 
environmencal concerns. Life c-'cle 
thinking will play an increasingly 
important role. We have all got co be 
ready. What can you do? To gee input 
CO ics environment and climate pro­
gramme, che EU subsidised a netw-ork 
of experts from Lndust.w, consultancy, 
authorities and elsewhere. LCANET (as 
ic was known) described the state of 
the arc of LCA methodology.
This phase is now over, but a new 
network, CHAINET, is currendy beirtg 
established. Ic will look at cools to pro­
vide information for decision support 
chroughouc a product's supply, use and 
waste management chains. Cases for 
discussion are automobiles, consum.er 
electronic goods and domestic cloches 
washing. Its first fiesh meeting is on 26 . 
May in Windsor, UK. Find out more 
from Nicoline Wrisberg at Leiden 
Universic^* in che Netherlands on tel: 
-51 71 527 5655.
The 1996 guide for improved en-'i- 
, ron.mer.cal performance through 
process optimisation. Fronting from  
pollu tion  precention: the SEs m ethod­
ology largeiy endorses life cycle prin­
ciples. Ic was published by Business 
in the Environment and H.MI?. The 
3Es are emissions, efficiency and eco­
nomics.
Today's environmental legislation 
is holistic. Companies must investi­
gate the life cycle impact of their 
products and apply life cycle chinking 
CO minimise expenditure and enhance 
their global environmental perror- 
m.ance. ■
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Abstract
Recent developments in European environmental legislation are leading to a 
holistic approach to environmental protection. With this, there is an 
increasing need to assess the environmental impacts associated with products 
(or services) throughout their life. Life Cycle Assessment is becoming well 
established as a tool to aid decision-making in the fields o f waste 
management and product-oriented policy. However, its use in the field of 
process-oriented policy has to date been limited. This paper discusses the 
expanding scope of pollution control in the process industry. With the 
implementation or the European Integrated Pollution Prevention and Control 
Directive there will be a requirement to assess both the site specific and the 
wider environmental interventions caused by a process. It is proposed that 
for the choice of case specific BAT it will be necessary to adopt a 
streamlined Life Cycle approach, used in conjunction with site specific tools. 
A streamlined methodology is presented.
Key words. Environmental Policy, Integrated Pollution Prevention and Control,
Life Cycle Assessment
1.0 Legislation: Past to Present
1.1 Single Media Controls
Whilst mdustrial pollution has been o f concern for many centuries, it was not until the
mid 19 century, in the wake o f the Industrial Revolution, that legislative action was
prompted in the UK. As a result of the increasing complexity of industrial processes,
the growing quantities of industrial waste and the greater potential for environmental
harm, it became necessary to introduce legislation for environmental protection. In
1847 a series of Acts, the ‘Clauses Acts’, were introduced to provided a framework
for control o f water pollution. These were followed by the Alkali Act (1863) which
regulated emissions to air. Further Acts strengthened the control of liquid and gaseous
releases, e.g. the Rivers (Prevention o f Pollution) Acts (1951) & (1961) and the Alkali
etc. Works Regulation Act (1906), but it was not until the Deposit o f Poisonous
Wastes Act (1972) that disposal to land was also contrnlled. In 1974, most legislation
covering industrial pollution was consolidated by the Control of Pollution Act (1974),
the Health and Safety at Work etc. Act (1974) and subsequent regulations made under 
these Acts.
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Traditionally, UK legislation enabled the use of single-medium regulations for 
controlling releases. Separate regulators dealt with emissions to air, discharges to 
water and disposal to land. (Skea and Smith, 1998). The underlying principle around 
which legislation evolved was the concept of using the ‘Best Practicable Means’ 
(BPM) to prevent or minimise the effects of releases to the medium concerned. For 
example, the Alkali Act (1874) required the use o f BPM to prevent the discharge of all 
noxious or offensive gases arising from alkali works. Under the BPM regime specific 
emission limits were not set; rather the inspectors achieved gradual improvement 
through co-operation with individual operators and by giving consideration to site 
specific circumstances. Skea and Smith (1998) cite Ashby and Anderson’s description 
that BPM was considered an ‘elastic band’ by the inspectorate, providing them with 
the flexibility to tighten standards to reflect developments in pollution control.
1.2 The Environmental Protection Act (1990) and the Environment Act (1995)
The Royal Commission on Environmental Pollution (RCEP) published their landmark 
fifth report on air pollution control: an integrated approach in 1976. The report made 
several recommendations that would change the face of industrial pollution control. Of 
particular importance was the recognition that the traditional method o f single media 
pollution control did not provide the most effective mechanism for minimising the total 
effect of pollution on the environment. In other words, control of one form of 
pollution can lead to the formation o f pollution in another medium. The report 
recommended that a unified pollution inspectorate be set up to ensure that the release 
of pollutants to air, water and land caused the least environmental damage overall, so 
achieving the ‘Best Practicable Environmental Option’ (BPEO). I t  was also 
recommended that the BPM principle should remain in use, as this enabled control 
requirements to be adapted to particular circumstances (RCEP, 1976).
In response to the recommendations o f the RCEP’s fifth report, The Environmental 
Protection Act (1990) (EPA90) was passed, which enabled the present regime of 
Integrated Pollution Control (IPC). All processes prescribed for IPC are required to 
use the combination o f primary process and pollution abatement techniques which 
constitute the BPEO, thus taking account of all the technical possibilities for dealing 
with^ the total pollution from a process. The BPM principle was updated with the 
requirement that all prescribed processes must use the Best Available Techniques Not 
Entailing Excessive Cost (BATNEEC) to prevent releases or to ensure that releases to 
the environment are reduced to a minimum. In addition, in granting an authorisation, 
the enforcing authority must take account of the relevant Environmental Quality 
Standards. It should be noted that whilst one of the principles recommended by the 
RCEP was to minimise environmental damage overall, EPA90 remained emissions 
focused, which has lead to the protection o f the environment in the immediate vicinity 
o f the process, and not protection o f the environment as a whole.
The recommendation for a unified inspectorate, made in RCEP’s fifth report (1976), 
was not fully put into practice until the Environment Act (1995) enabled establishment 
of the new Environment Agency (EA). The EA took over the work of Her Majesty’s 
Inspectorate of Pollution (HMIP), the National Rivers Authority (NRA) and the waste 
regulatory functions o f local authorities on April 1996, with the aim of ensuring a 
consistent and cohesive approach to authorisations under IPC. Importantly, the 
Environment Act (1995) has outlined aims and objectives for the EA'which so far
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beyond the regulations enabled by EPA90. For example, the EA should take a holistic 
approach to the protection and enhancement o f the environment, considering impacts 
of both substances and activities on all environmental media and on natural resources. 
However, as discussed below, as far as enforcing these objectives, the EA has been 
drastically restricted by EPA90’s limited, emission focused scope. It is as if the early 
motor cars were developed to formula 1 racing standard, but the man with the red flas 
was still required to walk in front.
1.3 The BPEO Assessment - restricted by EPA90.
In response to criticism that applicants for IPC authorisations were failing to assess 
environmental impacts and to consider alternative processes or abatement techniques, a 
Technical Guidance Note for BPEO assessment has recently been published 
(Environment Agency, 1997). The bulk of the work for BPEO was carried out by 
HMIP, prior to establishment of the EA and prior to the wide ranging aims and 
objectives set out in the Environment Act (1995). It is not surprising then that soon 
after ^  publication o f the guidance note, inadequacies with the methodology were 
highlighted by the House of Commons Environment Committee’s report on the cement 
industry. In the report it was stated that the BPEO methodology impedes the EA’s 
geneqal duty to consider the environment as a whole. The new BPEO assessment was 
criticised for several aspects, including the concentration exclusively on process 
emissions and exclusion of impacts from raw material selection, transport, off-site 
power generation and waste disposal (ENDS report 267, April 1997). These 
inadequacies were due to the restrictions caused by the limited scope o f EPA90. 
Whilst the EA should make a contribution towards attaining the objective o f achieving 
sustainable development, the processes it regulates are only obliged to operate within 
the limited scope o f EPA90. However, the restrictions caused by EPA90 will soon be 
removed. In light of the wide ranging scope of the recently enforced European 
Community Directive on Integrated Pollution Prevention and Control, the EA will 
soon be able to regulate on a much broader agenda, and realise its full potential.
2.0 Future Environmental Legislation
2.1 An Introduction to IPPC: Beyond Emissions Control
The EC Directive concerning Integrated Pollution Prevention and Control (IPPC) 
came into force on 16th October 1996. Member states must adopt the laws, 
regulations and administrative provisions necessary to comply with the directive not 
later than October 1999 (Council Directive 91/61/EC).
Although some o f the fundamental concepts of IPPC have been adopted from UK 
legislation, the Directive will require substantial changes to the current approach. 
Consistent with the move towards sustainability, regulations under the IPPC Directive 
will require that processes are assessed on a much wider basis than that set under 
EPA90. Not only does IPPC include more processes than EPA90, but IPPC covers 
many more environmental impacts (Nicholas et al., 1997 and Fisk, 1997). For 
example, in addition to the integrated control of emissions to air, water and soil, IPPC 
requires the consideration of energy efficiency; the use of low waste technology; the 
furthering o f recovery and recycling of substances and; the consumption and nature o f 
raw materials (including water) used in a process. Moreover, IPPC spotlights the
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process upstream o f the effluent discharge, favouring reduction of pollution at source 
(i.e. prevention) as opposed to end-of-pipe solutions. IPPC goes far beyond the 
current, emission-focused system of Integrated Pollution Control (IPC).
2.2 Towards Sustainability
As discussed previously, early UK pollution control was based on single-medium 
control o f emissions and the use o f BPM. EPA90 updated this to the integrated 
control of emissions through the use of BATNEEC and the BPEO. Now,'^IPPC 
extends the scope yet further to include energy and material consumption and off site 
considerations such as waste disposal. This gradual increase in the scope of industrial 
pollution control is illustrated in figure 1.
Figure 1 The increasing scope of industrial pollution control.
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Under IPPC..the majority of processes will be confined to considering limited off site 
impacts. However, it should be noted that some areas of industry are seeing even this 
boundary expanded. The implementation of Producer Responsibility legislation makes
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manufacturers and retailers responsible for promoting reuse, recycling and recovery of 
post consumer waste. In addition, whilst manufacturers are not yet required by law to 
undergo a lull product assessment, some companies within the chemical industry are 
now performing full product assessments as part o f their Responsible Care programme 
to ensure that environmental impacts are minimised throughout the whole o f à 
product s life (ICI 1996). This trend towards a holistic approach to environmental 
po ution IS eing riven at an international level by moves towards sustainability. It 
will not be long before the environmental impacts caused at every stage o f a product’s
life are regulated by EC legislation. ^
o.O An Introduction to Life Cycle approaches
3.1 What is Life Cycle Assessment?
Life Cycle Assessment (LCA) is a process to evaluate the environmental 
burdens associated with a product, process or activity by identifrins and 
quantifying energy and materials used and wastes released to the enviroriment; 
to assess the impact o f those energy and material uses and releases to the 
environment; and to identify and evaluate opportunities to effect environmental 
improvements.  ^ The assessment includes the entire life cycle o f the product, 
process or activity, encompassing extracting and processing raw materials' 
manuiactunng, transport and distribution; use, re-use, maintenance; recvclin^ 
and final disposal (Consoli, 1993).
In other words, LCA is a process that can be used to evaluate all the environmental 
interventions associated with a product or service, from ‘cradle to grave’.
To engineers within the process industries, the fundamentals of LCA are not new. The 
methodology IS based around the mass and energy balance of a defined system. Once 
the system boundaries and aims of the assessment have been established (goal 
definition and scoping), the material flows and energy consumption within the defined 
system must be identified and tabulated in data sheets (inventory analysis). This raw 
data IS then classified according to the substance’s contribution to a small number of 
^vironm entalthem es(Im pactassessm ent). T hesethem escoverareassuchas Ozone 
Depletion Potential, Global Warming Potential, Human Toxicity, Energy Depletion 
otential etc. By reducing a system to a small number o f environmental themes it is 
po^ible to compare very different products or services, based on the function that they 
perform. Alternatively, LCA can be used to highlight ‘hotspots’ in a life cycle i e the 
stages causing greatest environmental harm. Above all, the life cycle approach ensures 
tM t reduced environmental burdens at one point in the cycle are not met at the expense
or a greater increase in burdens elsewhere.
3.2 Why a Life Cycle approach?
As previously discussed, over the past 20 years the scope o f environmental legislation 
as increased dramatically. The need for producing a life cycle assessment to guide 
policy decisions arose in the European Communities with the initiation of discutions 
on packaging waste at the end o f the 1970s (Schleicher, 1996). Since then, the 
application o f LCA in government decision-making has become more widesoread as 
t e need to assess the wider impacts of products has increased. Curran (1997) notes 
that the mam applications for LCA have been in the fields of waste management and
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product-oriented policy (e.g. eco-labeling). In the field of process-oriented policy the 
use of LCA has been more restricted. This can be attributed to the limited scope of
existing industrial pollution control legislation.
Prior to the IPPC directive, industrial pollution control legislation focused on site 
specific concerns, such as process emissions. As has been previously discussed, the 
UK EPA90 has lead to the protection of the environment in the immediate vicinity of 
the process and not as a whole. What the IPPC directive highlights is that 
manufacturing processes themselves have impacts on the environment which exceed 
the boundaries o f specific installations. Whether those impacts arise from the off site 
generation of electricity or the processing of raw materials, they must be considered 
when making the choice o f the Best Available Technique (BAT) for any specific 
installation. For example, in the design of a process, the option may arise to either 
import electricity or generate the energy on site. As highlighted by the DETR (1997), 
older legislation penalised on site generation (by combustion) as this causes higher 
emissions from the installation. However, the generation of electricity by fossil fuels 
creates en'rironmental impacts whether the energy is generated on site or off site at the 
power station. Moreover, on-site generation may result in a more efficient use of the 
fossil fuel overall. Taking a life cycle approach, considering all environmental impacts 
and ensuring that raw materials are used in the most efficient way, ensures the hiahest 
level of protection to the environment as a whole.
Under EPA90 the UK EA is restricted to control of process emissions. The 
introduction o f IPPC will enable the EA to assess the environmental burdens caused by 
a process in a more holistic manner, thus meeting it’s objectives as defined by the 
Environment Act (1995). To enable this a life cycle based methodology which can be 
used for regular assessment o f processes must be developed.
4.0 A Life Cyde methodology for BAT assessment - Goal Definition and Scoping
This section outlines the scope of an LCA required to aid in the choice o f BAT under 
IPPC. The basis for this discussion has been taken from the framework presented by 
van den Berg et al. (1995). For more detailed definitions of some o f the terms used, 
(e.g. o f BAT) please refer to section 6 of this paper or Article 2 of the IPPC Directive.
4.1 Purpose
Any methodology for the site specific assessment of Best Available Technique must 
meet the requirements o f the IPPC Directive. With reference to these requirements, 
there are three main observations to be made.
^Firstly, the directive requires that each installation is considered as unique, with the 
BAT and emission limits assessed on a case specific basis. This approach has been 
adopted from the UK's IPC regime. Past experience has shown that, within a category* 
of industry, the optimum environmental option can vary depending on case specific 
factors. Such an approach requires a well defined assessment methodology, thus 
ensuring a consistent approach. However, Section 18 of the preamble to the directive 
puts the responsibility for the development o f assessment methodologies onto each 
member state. It is therefore unlikely that all member states will adopt the same
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approach to BAT assessment. The directive suggests that if discrepancies arise in 
implementation of the directive then uniform emission limits should be adopted (Article 
18). However, this goes against the preferred site specific approach. A more 
satisfactory solution would be to ensure that all member states were using the same 
methodology for assessment of BAT.
The second point is that the directive requires that both transfrontier and local 
conditions should be taken into account. Clift et al. (1996) have discussed the cases 
whereby it is necessary to use either a global impacts tool such as LCA or a local 
impacts tool such as Impact Pathway Assessment (IP A) or both LCA and IP A.
Figure 2 Application of LCA and site specific approaches such as Impact Pathway 
Assessment (adopted from a suggestion by Dr G Huppes) (Clift et al., 1996)
Case A. Represents the choice of technology for an unspecified site. This is the 
established application of LCA.
Case B. Represents the assessment of local effects of emisions from a specified
technology with differing sites. This is the established 'pplication of IP A.
Case C. Represents the choice of technological process for a specified site. This 
requires both LCA and IPA.
Case D. Represents the selection both of the site and the technologv. This requires 
both LCA and IPA.
Choice of  
T echnology
3 -
2
1 -
B
Unspecified
Choice of Site
The assessment o f BAT for an installation concerns choice o f technologicalprocess for 
a given location (case C). In this situation it is necessary to use both LCA and IPA. 
Thus, LCA must not be considered as replacing site specific tools, but should be used 
alongside those tools within the decision making process. In addition, as the definition 
o f ‘available’ in the Euro BAT includes cost considerations, the LCA can be combined 
with Multiobjective Linear Programming to give a set o f alternative solutions for 
environmental improvement. (Azapagic et al., 1996). In comparing the results from 
these differing approaches there can be no substitute for expert judgement.
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Finally, the purpose o f the BAT assessment is to compare various techniques for the 
production o f a specific product, and highlight that (or those) with the least 
environmental impact. The choice is likely to be based on a short-list of techniques 
presented in European BAT reference documents, (BREFs), although it has been 
stressed that the BREFs are not exclusive in their listing of candidate BATs. For 
example, new techniques may not be included in the current BREF for an industry* 
sector but may merit consideration for the BAT assessment. In addition, it must be 
recognised that the task o f comparing the impacts of differing products/services is not 
within the scope of the IPPC Directive. This would be carried out prior to the process 
design/siting stage as part o f a product Design for Environment procedure or o f the 
product-oriented policy making process.
4.2 Initiator and target group
The IPPC Directive does not give a clear indication as to who should be responsible 
for carrying out an assessment for BAT. It is envisaged though, that as with the BPEO 
assessment, the study should be carried out by the current or prospective operator of a 
process, in close collaboration with the competent authority, when making a permit 
application. In an ideal situation, there would be one group responsible for overseeing 
all EC BAT studies, thus ensuring the required consistency of approach. A summary of 
the study should be made available to the public, along with other application details as 
outlined in Article 15 of the directive.
4.3 Subject
Because the aim o f this methodology is to choose the BAT for production of a specific 
product, all data should be defined around a fixed quantity of that product. For 
example emissions per unit o f product’ (or per unit of throughput for waste 
management functions). In the case o f BAT assessment it is the quantity of product 
which is important and not the service the product provides. To facilitate data 
handling in the inventory analysis and impact assessment stages, it will be convenient to 
choose a large unit. For example, emissions per tonne of product.
4.4 Scope
As stated previously, the comparison of differing products is outside the scope o f this 
BAT assessment. The scope is limited to the comparison o f differing processes for the 
manufacture of a single pre-specified product. Therefore, as long as the product 
specification is not altered by the different processes, it is possible to omit all 
environmental impacts related to the product use and disposal. In other words, the 
LCA can be streamlined so that the BAT assessment is solely based on ‘cradle to sa te’ 
Life Cycle Inventory (LCI) data. This requires the assumption that the pattern of use 
and disposal of the product is not dependent upon the method by which the product is 
manufactured.
In making a formal statement concerning the system boundaries, it is useful to follow 
the Foreground/Background system approach developed by Clift et al. (1996).
The system is-subdivided into;
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Foreground System^ comprising o f the installation (including gas cleaning, effluent 
treatment and on site waste management). Current thinking is that the definition of 
installation will approximate to the site boundaries o f a plant.
Background System^ comprising all economic activities which exchange materials and 
energy with the foreground system, but are otherwise unaffected by choices made in 
the foreground system. Life cycle stages related to the use and disposal of the product 
are outside the scope of this study and are therefore excluded from the system.
It can be seen that extending the system boundaries to include off-site environmental 
impacts will encouraging the operator to consider the wider affects o f the installation 
and potential methods of minimising pollution. Thus, taking a Life Cycle approach will 
ensure protection o f the environment as a whole. A detailed breakdown, showing the 
assignment o f specific stages to the foreground and background is presented in Table 1 
and Figure 3.
System Life Cycle Stage Notes (from IPPC Directive)
Foreground
Installation
(including gas 
cleaning, effluent 
treatment and on 
site waste 
management)
In determining BAT, consideration must be given to the use o f low- 
waste technolog}-; the use o f less hazardoussubstances; the furthering 
of recover}' and recycling o f substances generated and used in the 
process and o f waste, where appropriate; the need to prevent or reduce 
to a minimum the overall impact o f em issions on the em ironm ent and 
risks to it.
Installations must be operated in such a way that no significant 
pollution is caused and w'aste production is avoided; where waste is 
produced it is recovered or, where that is technically and economically
Background O ff site waste 
management.
Energy production
Extraction and 
processing o f  raw 
materials
impossible, it is disposed o f while avoiding or reducing any impact on 
the environment.
Installations must be operated in such a way that energ}' is used 
efficiently.
In determining BAT, consideration must be given to the consumption 
and nature o f raw materials (including water) used in the process and 
their energv' efficiency*.
Excluded 
from system
Product use and 
disposal
IPPC is focused on the prevention and minimisation" of pollution from 
industrial activities only. Other legislation covers product use and 
disposal (e.g. producer resoonsibilitv).
For the purpose o f a Life Cycle Assessment the emissions and pollution can be termed 
as Direct, Indirect or Avoided Burdens (Clift et al, 1996). Direct Burdens relates to 
that pollution (emissions) which arises from the foreground system (the installation); 
Indirect Burdens relates to that pollution which arises from the background system; 
Avoided Burdens corresponds to activities in the Background System which are 
displaced by materials or energy recovered from the foreground.
Figtre 3 The system boundaries for an IPPC B.AT assessment.
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4.5 Streamlining and LCA data
In applying the strear^ined, ‘cradle to gate’ Life Cycle approach, it is important that
the assessment practitioner realises that whilst the solution may be the BAT for
production o f that specific product, it may not be the most sustainable option overall.
In addressing the most sustainable option the system boundaries would need to include
the^ use and disposal of the product together with the life cycles for other products
which can provide the same service (e.g in assessing the BAT for keeping a carpet
clean an LCA could be used to compare use of a detergent with use o f a door mat). In
addition, the social and ethical acceptability of the various options would need to be
considered. However, at the present time, whilst European policy generally does not
descriminate against products and ways of life, streamlining the LCA to determine
BAT for production provides the most effective intermediate step in the move towards 
sustainability.
Whilst the disadvantage o f the streamlined LCA is that it does not consider all available 
options, the advantages include:
• The reduction in required data greatly reduces the resource and time 
intensity, thus making the LCA more efficient;
• A greater majority o f the information used is actual, case specific data from 
the foreground system, rather then averaged background system data. This 
results in an increased accuracy o f the LCA.
In addition to these advantages, developing a standard approach to environmental 
assessments will aid in future studies. The IPPC directive requires that data 
concerning the installation and relative to the permit application (e.g. details o f the 
installation and its activities, raw material and energy consumptions, emissions etc.) 
must be made available to the public. As time passes this will result in an increasing 
wealth of actual, case specific data (foreground data). Because this will have been co-
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ordinated by one competent authority (or a specified lead regulator), it will all be 
gathered on the same basis. Therefore, in time, the accuracy of the background data 
will increase, until a point is reached when most (if not all) the background data can be 
based on case specific information gathered from the raw material suppliers and energy 
producers themselves.
5.0 Conclusions
This paper has discussed the expanding scope of European environmental legislation. 
Within the UK, pollution control has developed from single medium regulations to 
integrated pollution control. With the implementation of IPPC the scope will be 
expanded further to include energy and material efficiencies and off-site considerations 
such as the disposal of process waste.
The current BPEO methodology, restricted by the limited scope of EPA90, has been 
criticised since it only considers process emisions. This has prevented the EA from 
implementing their full aims as outlined in the Environment Act (1995). When the 
IPPC directive has been brought into effect in the UK, the EA will be able to develop a 
more holistic methodology for BAT assessment.
It is proposed that a streamlined LCA, based on ‘cradle to gate’ Life Cycle Inventory 
data, is necessary to meet the wide ranging requirements of the IPPC directive. 
Adopting such an approach will provide the most effective methodology for 
assessment o f techniques with the aim of protection of the environment as a whole. 
The paper presents the goal definition and scoping for such an assessment.
The authors highlight that the streamlined LCA should form part of a larger assessment 
procedure which would include site specific tools, such as Impact Pathway Assessment 
and the consideration o f costs, integrated into the assessment through the use of 
Multiobjective Linear Programming.
It has been discussed that the streamlined LCA provides more efficiency and greater 
accuracy than a full’ LCA which would be based mainly on background data. 
Moreover, due to the affects o f European policy concerning public access to 
environmental legislation, the availability of real information, and the related accuracy 
of LCAs, will increase with time. However, it is important to recognise that whilst the 
streamlined LCA can help provide the BAT for a specific product, it may not provide 
the most sustainable option overall. Further moves towards sustainability will require 
policy based on full LCAs and socio-ethical considerations. In the mean-time, a 
streamlined, cradle to gate’ Life Cycle approach provides the most effective 
intermediate step in the move towards sustainability.
6.0 Definitions (from Article 2, Council Directive 91/61/EC).
For the purposes o f the IPPC directive,
‘best available techniques’ shall mean the most effective and advanced stase in 
the development of activities and their methods of operation which indicate the
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practical suitability of particular techniques for providing in principle the basis 
or emission limit values designed to prevent and, where that is not practicable, 
generally to reduce emissions and the impact on the environment as a whole:
- techniques shall include both the technology used and the way in which the 
installation is designed, built, maintained, operated and decommissioned,
- available techniques shall mean those developed on a scale which allows
implementation in the relevant industrial sector, under economically and
technically viable conditions, taking into consideration the costs and
advantages, whether or not the techniques are used or produced inside the
Member State in question, as long as they are reasonably accessible to the 
operator,
best shall mean most effective in achieving a high general level o f protection 
o f the environment as a whole;
competent authority’ shall mean the authority or authorities or bodies 
responsible under legal provisions of the Member States for carrying out the 
obligations arising from this directive;
emission shall mean the direct or indirect release of substances, vibrations,
heat or noise from individual or diffuse sources in the installation into air water 
or land;
installation shall mean a stationary unit where one or more activities listed in 
Annex I to the Directive are carried out, and any other directly associated 
activities which have a technical connection with the activities carried out on 
that site and which could have an effect on emissions and pollution;
pollution shall mean the direct or indirect introduction as a result o f human 
activity, o f substances, vibrations, heat or noise into the air, water or land 
which may be harmful to human health or the quality of the environment, result 
in damage to material property, or impair or interfere with amenities and other 
legitimate use of the environment.
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7.0 List of Symbols and Acronyms
b a t  Best .Available Technique (EC)
BATNEEC Best Available Technique Not Entailing Excessive Cost (UK)
BPEO Best Practicable Environmental Option
BREF Best Available Techniques Reference Documents
DETR UK Department of the Environment, Transport and the Regions
EC European Community
EA Environment Agency
ENDS Environmental Data Services Ltd
EPA90 Environmental Protection Act 1990
HMIP Her Majesty’s Inspectorate o f Pollution
IB A Impact Pathway Assessment
IPC Integrated Pollution Control (UK)
IPPC Integrated Pollution Prevention and Control (EC)
LAAPC Local Authority Air Pollution Control
LCA Life Cycle Assessment
LCI Life Cycle Inventory
NRA National Rivers Authority
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LIFE CYCLE POLICY MAPPING:
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Lurgi (UK) Ltd, Dukes Court, Duke Street, Woking. Surrey, GU21 5BH  
Centre for Environmental Strategy, University o f Surrey, Guildford, Surrey, GU2 5XH  
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Abstract
The environmental policy of the European Communities is embracing the
concepts of sustainable development. With this is developing a holistic approach
to enynronmental legislation and a widening in scope of environmental controls, 
requinng assessment of environmental impact throughout the supply chain.
In this paper the authors introduce Life Cycle Policy Mapping (LCPM), a
technique based upon Life Cycle Assessment that can be used to highlight the
interactions between and environmental impacts caused by individual^  pieces of
legislation. LCPM can encourage Life Cycle thinking and can provide support to
environmental managers and legislators when aiming to achieve an integrated
network of co-ordinated policies that gives protection to the environment as a 
whole.
Keywords: Environmental Legislation, Environmental Management, Life Cycle Assessment 
Life Cycle Polic}* Mapping.
1.0 Towards holistic environmental policies
In 1976, the Royal Commission on Environmental Pollution (RCEP) highlighted that 
the UK s approach of single media pollution control was not providing the most 
effective mechanism for minimising the total impact of pollution on the environment. 
Control of one form of pollution can lead to the formation of pollution in another 
medium (RCEP, 1976). The report recommended an integrated approach to pollution 
control, so that releases of pollutants to air, water and land caused the least 
environmental damage overall, thus achieving the ‘Best Practicable Environmental 
Option’ (BPEG). In the UK, these recommendations were enabled by the 
Environmental Protection Act 1990 (EPA90) which established Integrated Pollution 
Control (IPC). However, EPA90 is mainly emissions focused and limited to 
considering individual processes or operations. This leads to the protection of the 
local environment, in the immediate vicinity of the process.
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With the aim of protection of the environment as a whole, the new EC Directive 
concerning Integrated Pollution Prevention and Control (IPPC) has taken a more 
holistic approach towards industrial pollution. The Directive covers a much wider 
range of environmental impacts than have previously been regulated. In addition to 
the integrated control of emissions, IPPC will require consideration of noise, energy 
efficiency, use of raw materials, off site waste disposal, accident prevention and site 
restoration (Aichinger, 1998; Fisk, 1998). This widening of scope is recognised as an 
important part in the move towards a more sustainable balance between human 
activity and socio-economic development, on the one hand, and the resources and 
regenerative capacity of nature, on the other (Council Directive 91/61/EC).
Figure 1. The widening scope of industrial pollution control.
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The expanding scope of the EC’s legislation for environmental protection is not just 
limited to industry. In the same way that industrial environmental legislation has seen 
expanding scope,..so too have other areas of policy. To establish control over disposal 
options, recent Producer Responsibility legislation has been focusing on so called
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‘end-of-life’ products or materials to encourage their reuse, recycling or recovery. 
There is also growing interest in establishing product policies, such as energy 
efficiency targets, which minimise impacts during the use phase. There can be no 
doubt that the EC’s environmental policies have come a long way from the days of 
emissions control. There is now a gradual move towards a holistic view, with the aim 
of achieving protection of the environment as a whole.
2.0 The need for Life Cycle thinking
By definition, a holistic approach must take into consideration the whole of a 
product’s life, from acquisition of raw materials, through manufacture, through use, 
to final disposal; that is, from cradle to grave. Through establishing policies to cover 
all stages in a product’s life, legislators will be in the position to minimise the overall 
impact caused by a product. Whilst this seems to be occurring, due to the growing 
diversity of EC legislation, one important factor must not be overlooked. In the same 
manner that pollution from a process can only be controlled effectively if emissions 
are dealt with using an integrated approach, so too is it only possible to minimise the 
environmental impact throughout a product’s life if the controlling policies have been 
developed in an integrated fashion. One of the major challenges facing future policy 
makers will be to establish co-ordination between the control of industrial processes, 
producer responsibility and the various other policy tools, so that individual pieces of 
legislation do not simply transfer environmental impacts elsewhere. The aim of policy 
makers should be to create a harmonised network of policies that can be used to 
deliver the best environmental performance over the whole of a products life.
Life Cycle Assessment (LCA) is a tool that can be used to evaluate the wider 
environmental interventions associated with a product or service, from ‘cradle to 
grave’. As indicated by The Engineering Council (1994), “LCA applies the principles 
of sustainable development by integrating measurements over the whole life cycle, to 
ensure that improved environmental performance at one stage is not achieved at the 
expense of worse performance at another”. The European Parliament has embraced 
the trend towards Life Cycle approaches, as discussed in a paper on the uses of LCA 
for European legislation (Schleicher, 1996). It was noted that there is an increasing 
demand for LCAs to help in decision-making and that LCA will play an important role
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for the Commission in future. However, application of Life Cycle thinking by 
legislators has to date been very limited. There is a need to develop simplified, Life 
Cycle based tools, which can be used to guide the policy making process, and to 
ensure that legislation is developed with regard to its effect on the whole Life Cycle.
3.0 Life Cycle Policy Mapping (LCPM) — An introduction
LCPM can be used to bridge the gap between policy making and the standard 
methods for performing LCA. As defined in ISO 14040, there are four major stages 
of an LCA, definition of goal and scope, inventory analysis, impact assessment and 
interpretation of results (BS EN ISO 14040: 1997).. LCPM introduces an additional 
analysis of legislation (within the inventory analysis stage), resulting in a map, which 
provides a clear visualisation of the scope of policies throughout the Life Cycle. 
Moreover, through identifying the influence of policy on the Life Cycle, LCPM 
enables an assessment of the Life Cycle impacts caused by the limits/targets set within 
existing/proposed policies and pieces of legislation. Thus, legislators can create a 
network of co-ordinated policies covering the entire Life Cycle, with the aim of 
minimising overall environmental impact and ensuring that policies do not simplv 
transfer impacts to other stages in the Life Cycle.
The modified methodolog}% including LCPM, is as follows:
1. Goal and Scope definition - As for conventional LCA it is necessary to identify the 
reason for penorming the study (Who is the study for? And for what purpose?). 
The scope of the study must be identified (What is the product, process or service 
to be legislated?). Definition of scope should include the depth of study (What are 
the system boundaries? What type of legislation is to be assessed, environmental or 
other?) And the data quality (Quantitative or qualitative? Full or streamlined?). If 
the study is to include a quantitative LCA (stages 5-8) then the functional unit 
should be defined.
2 . Inventory Analysis 1 . Process Flowchart — This involves creation of a graphical 
representation of the system being studied.
j. Inventory Analysis 2 . Policy Identification - For each of the stages in the Life 
Cycle, and all linking transportation, it is necessary to identify the pieces of 
legislation that have an influence on the material or energy flows associated with
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that stage. Any legislation associated with that stage, which does not effect the
material or energy flows, should not be considered. Depending upon the scope of
the study, legislation could be environmental only, or could be extended to include
other influential policies (for example fiscal policies). It is also possible for some
stages to be influenced by many pieces of legislation. If this is the case then the
practitioner should consider returning to the process flowchart and introducing
more detail, thus enabling the influence of the individual pieces of legislation to be 
distinguished.
4. Inventory Analysis 3: Policy Mapping - By combining the infortnation obtained in 
stages 2 and 3 it is possible to map the scope of the identified policies onto the 
process flowchart. At a practical level this is achieved by highlighting different 
policies on the flowchart using different colours or, as in the case study which 
follows, by using different patterns for different policies.
The aim of some studies may be simply to generate a qualitative Life Cycle Policy 
Map. If that were the case, then once policy mapping is complete, a general 
discussion would ensue (as with the case study given in section 4.0 of this paper). In 
other studies, a more detailed, quantitative assessment using conventional LCA 
techniques may be required, in which case the fblloMng stages would be used:
5. Inventory Analysis 4: Data Collection - In addition to the relevant material and 
energy flows it is necessary at this point to tabulate all available legislative data. 
For example, any known emissions limits or recovery/recycling targets. (For the 
case of policy-making these may be proposed limits or targets.)
6 . Inventory Analysis 5: Data processing — As for standard LCAs, all data collected 
must be compiled into a Life Cycle Inventory (LCI).
7. Impact Assessment — The LCI data is classified into a shortlist of environmental 
impacts.
8 . System Optimisation - This would involve analysis of ‘what-if scenarios with 
alteration of legislative limits and targets and thus the creation of variations in the 
system resulting in altered environmental impacts.
It should be noted that in some cases it might be appropriate to replace stases 7 and 8  
with an economic valuation. This would be appropriate for cases whereby the policies
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identified relied heavily on market mechanisms to drive change in the system. For
example the introduction of an aggregates tax. It should also be recognised that the
methodology relies on an iterative process. Having created a process flowchart and
identified applicable policy, it is likely that the policy requirements will in turn lead to
alterations in the flowchart (e.g. the setting of emission limits may require additional
end-of-pipe technologies). This can lead to the creation of new Life Cycle stages and
introduce new legislation to the map (e.g. landfill of spent sorbents would introduce 
duty of care and landfill tax).
4 .0  Case study -  Developing environmental legislation for glass containers
4 .1  Goal and scope definition
The benefits gained from using LCPM are best demonstrated by example. This case 
Study illustrates the use of LCPM through investigation of the manufacture, use and 
disposal of coloured glass containers (packaging). The environmental legislation to 
be considered will be for the year 2000 (i.e. it will include IPPC). A simplified Life 
Cycle flowchart is used and in this case, possible modifications to the flowchart, 
which would enable compliance with emission limits, will not be considered. The 
Study is qualitative, thus stages 5-8 of the methodology are omitted.
4 .2  Inventory Analysis 1 - Process flowchart
The process flowchart (the basis for figure 2) consists of a number of processes.
The first stage involves glass container manufacturing (a glass furnace). Here,
there are inputs of bulk raw materials and process utilities (for example fuel oil for
the furnace) and outputs of emissions. Once manufactured, the containers pass
through quality control, whereby any sub-quality containers are returned to the
batch house as cullet. The containers are then filled, followed by container use.
Once the container has been used there is a waste management stage (could be
divided into many stages). From waste management, empty containers are sorted,
reprocessed and re-filled or recycled to make new or lower grade glass (e.g. sreen
to brown) or disposed of. It should also be noted that the UK is a net importer of
container glass (mainly green). Thus an import stage must be included in the Life 
Cycle flowchart.
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4.3 Inventory Analysis 2 - Policy identification
As an illustration, only the manufacturing stage will be discussed at this point 
(although the policy map includes policy for the entire Life Cycle). Currently, UK 
glass manufacturing is a part B listed process under part 1 of the Environmental 
Protection Act 1990. That is, it is regulated under Local Authority Air Pollution 
Control. Here, there is a requirement to use the Best Available Techniques Not 
Entailing Excessive Cost (BATNEEC) to prevent or minimise pollutant releases 
to atmosphere. By 2000, the glass industry will be subject to legislation adopted 
under the IPPC Directive (although any limits will not have to be met until 2007). 
IPPC shifts the emphasis from emissions to the installation itself, requiring 
prevention of pollution. IPPC will also introduce integrated control of emissions 
to the glass industry as well as additional considerations including material and 
energy consumption and promotion of recovery or recycling of process wastes.
4.4 Inventory Analysis 3 - Policy mapping
Having identified the legislation that has an impact on each Life Cycle stage it can be 
mapped onto the process flowchart, as shown in figure 2 . This clearly illustrates the 
scope of legislation that influences the glass container Life Cycle.
Figure
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2. Policy Map for environmental legislation covering container glass, 2 0 0 0 .
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4.5 Discussion
It can be seen from the policy map, figure 2 , that once IPPC has been adopted in the 
UK, much of the glass Life Cycle will be regulated. IPPC covers the stages from 
‘cradle-to-gate’ and Producer Responsibility covers much of the stages from ‘gate-to- 
grave . However, the first point to be noted is that there are still gaps in the 
regulation. Importantly, whilst figure 2 indicates that recovery and sorting of 
materials creates impacts on the environment, from energy consumption and 
transportation, these are not regulated. In fact, as noted in a previous economic 
valuation of recycling, these burdens in most cases are not even monitored, so the full 
environmental costs of recycling are unknown (Powell et al, 1996). Regulations for 
waste management should not only set targets for the quantities of material to be 
recycled, but should also allow for the energy expended and impacts caused by the 
action of recycling. Only once this is achieved can the Best Practicable Environmental 
Option for the waste be decided.
With regard to optimisation of the whole glass container Life Cycle, the policy map 
highlights that most stages of the Life Cycle are covered by the combined influence of 
two sets of legislation, IPPC and Producer Responsibility. These could be co­
ordinated to encourage the overall best environmental option, resulting in a truly 
holistic approach. There is, however, one obstacle preventing this. Whilst IPPC 
allows flexibility for case specific decisions, the Producer Responsibility Obligations 
haye placed fixed limits for recovery and recycling, within a fixed hierarchy, allowing 
no flexibility for an optimisation that involves change in that half of the system. This 
would not pose a problem if the optimum recovery/recycling level for the given 
product system was found to be above the legal target, but if the optimum is below 
the target then attempts to meet legislative limits could actually result in decreased 
environmental performance. It would seem appropriate for Producer Responsibility 
legislation to follow the lead set by IPC and adopted by IPPC. That is to move away 
from set targets/limits or set hierarchies and to assess the BPEO for waste on a case 
specific basis. If this move were to be made, then IPPC and Producer Responsibility 
could be used in combination to establish the best environmental option for the system 
as a whole.
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It was Stated at the outset that the purpose of this case study was to demonstrate 
some of the benefits of using LCPM. By using LCPM to highlight the scope of 
legislation covering the glass container Life Cycle, important issues regarding the 
hidden and unregulated impacts of recycling and possible inability to optimise the 
waste management system have already been raised. It has also been identified that 
IPPC and Producer Responsibility are the two main pieces of legislation, which when 
combined, influence most of the Life Cycle. Probably the most important benefit to 
be gained from using LCPM is that it encourages the policy maker to think about the 
environmental impacts of policies throughout the whole Life Cycle. It provides a 
unique method of visualisation for identifying the scope of policies in relation to the 
whole Life Cycle and in relation to other policies. Through using LCPM, policy 
makers can not only ensure that all environmental impacts have been considered, but 
can ensure that the individual policies are co-ordinated to form an integrated network, 
harmonised to achieve the overall best solution.
It is said that a picture paints a thousand words, and that is certainly true for LCPM. 
Introducing policy mapping into the traditional process of LCA enables a visualisation 
that can be the basis for much discussion. Moreover, whereas the conventional LCA 
is focussed on a given product/service system or alternatives for the system, LCPM 
switches the focus onto the policies which regulate and confine that system. This 
adds a new • perspective to the decision making process by highlighting possible 
restrictions and shortcomings of legislation. For example, how can recycling rates be 
fixed when the variable impacts caused by transportation and reprocessing are not 
even known? A truly sustainable system can only be established if legislation both 
allows and encourages it to be established. Without adopting a Life Cycle perspective 
within the policy making process, so that all environmental impacts are considered, 
then it is likely that there will continue to be issues overlooked.
As a final point, it should be noted that use of LCPM is not limited to governmental 
policy-makers. Many companies are now adopting EMSs and are encouraged to 
assess their environmental impacts on a Life Cycle basis. LCPM could be used to 
assist the process of writing environmental policy statements, thus ensuring that all the 
company’s impacts have been considered. LCPM, combined with LCA could also be
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used to assess the environmental impacts of other, “non-environmental” company 
policies.
5.0 Conclusions
It as been demonstrated in this paper that there is a growing need to consider Life 
Cycle impacts when drafting environmental legalisation. The method of Life Cycle 
Policy Mapping (LCPM) proposed here, is a tool to assist in the policy making 
process. Combined with conventional LCA techniques, LCPM can be used to identify’ 
relevant policies, highlight their interactions and assess the Life Cycle implications of 
legislation. This is necessary to encourage co-ordination of policies and to create an 
integrated network of legislation. Further work is required to transform the LCPM 
concept into an operational tool.
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It is commonplace in Europe to complain about the flow - at times, flood - of regulations 
which emerge from the Cor^ ission of the European Union in Brussels. Too often, there 
seems to be pi obsession with standardisation of things which are best left to local 
practice - the principle of devolving to the most appropriate level is called “subsidiarity” 
in the curious form of English which has developed as Eurospeak. Sometimes, however, 
a pattern emerges. Whether it is planned or coincidence is impossible to say, but 
Directives on Integrated Pollution Prevention and Control (IPPC) and on Producer 
Responsibility are staning to show a pattern which just could give some impetus to the 
development of Industrial Ecology.
We will start with IPPC. In the UK, a deceptively similar acronym is now well-known: 
IPC - Integrated Pollution Control, - which came in with the 1990 Environmental 
Protection Act. The l?C regime was introduced to ensure that control of pollution from 
industrial processes did not merely transfer one form of pollution to another, for example 
by exchanging a water-borne emission for an atmospheric release. By taking all 
emissions fmm a process together to define the Best Practicable Environmental Option 
(BPEO), IPv, introduced a new measure of holism into environmental regulation. IPC has 
been introduced sector-by-sector since 1990 to processes subject to its provisions in 
England and Wales, with Scotland and Northern Ireland following.
In October 1996, the European Directive on IPPC - Integrated Pollution Prevention and 
Control - came into effect. Casual reading, or insufficient attention to the words behind 
the acronym, might suggest that IPPC represents a UK concept - IPC - finding its way' 
into Europem law. (Contrary to the popular view, this does sometimes happen!) But 
reading behind the title reveals something more interesting. IPPC introduces further 
measures of holism into environmental regulation. It introduces new considerations: 
noise, energy eiuciency, use oi raw materials, off-site waste disposal, accident prevention 
and site restoration.^  Most significantly, IPPC says that the whole life cycle leading up to 
the process in question has to be considered in defining the Best Available Technique (or 
Technology, a subtle distinction which we do not explore here) - BAT for short. The 
important considerations for the main industrial processes are currently being defined by
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Responsibility covers everything after use of the container. Taken together, the two sets 
or provisions cover pretty nearly the whole life cycle - a new measure of holism in' 
environmental periormance which many industries have yet to realise, let alone adapt to.
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acronym to you!
But the devil will he m the detail. In this case, the name of the demon is “subsidiarity". 
Member states must introduce legislation and regulations to implement the IPPC 
. Y *ttober l999. However, it is left to member states to translate the BRBFs
into regulations which recognise local environmental and social priorities. In the UK 
tlus raises a problem immediately: IPC covers regulation of emissions, but does not ' 
perrnit consiaeration or resource consumption. More generally, subsidiarity begs the 
ramih^  question oi how to trade-off different and incommensurable environmental 
impacts Even in the relatively simple case of glass-making, it is already clear that
froin^ gLs^ oce^ er'^ '^ '"*^  introduce difterent limits on the atmospheric emissions
fflass-making is already “on the cusp” between different gas-cleaning technologies. 
Iherefore, even small difrerences between atmospheric emission levels could lead to 
aaopuon of durèrent processes in different countries. This could be the downside - or at
least, the umntended result - of IPPC and Producer Responsibility: that it will shift
b^ Hef^ d ia Ae most lax regulations. The waste material -
Ip-vllTn ff in one country, used in another, and
We gaze into our glasses and ponder. Ours contain Scotch whisky. Britain is a net 
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Introduction
This document reports on the progress that has been achieved by the RE in the six months
between 1/10/98 and 1/4/99. A brief summary of progress is followed by two detailed
sections of this report. The first section provides a description of ongoing Life Cycle
Assessment work carried out for the glass manufacturing industry (see conclusion below).
The second section consists of a discussion document and slides of a presentation prepared by
the RE concerning Lurgi (UK) Ltd implementation of an EMS. In addition to these sections a
project plan is included (after the Summaiy of Progress) that depicts the relationship between
the technical and legislative aspects of this project, both aspects being necessary for 
assessment of BAT.
Summary of Progress
During the first half of the research (years 1 and 2 ) the RE has analysed the developing policy 
and available techniques for pollution control in the glass industry. In the second year 
dissertation it was identified that the next step would be to identify BATNEEC, BAT and 
state-of-the-art techniques for glass and waste to energy using LCA/LCPM (Life Cycle Policy 
Mapping) and multiobjective optimisation techniques. Thus, Life Cycle Assessment work 
carried out in the past six months, which is ongoing, has focused on the identification of BAT 
as defined by the Integrated Pollution Prevention and Control Directive (IPPC). Through the 
use of LCPM it has been identified that the scope of IPPC requires a 'cradle-to-gate' 
assessment of the available techniques. It has also been identified that the technique of relating 
impacts to a Functional Unit, used in LCA, is compatible with the approach taken by IPPC.
The RE decided that to gain an initial impression of the options available for the glass industry 
the research should adopt a scenario based approach. The scenarios used have been based 
upon a typical installation consisting of two glass furnaces firing on either gas or 3.5% Sulphur 
fuel oil. For each fuel type four cases have been considered, thus allowing comparison of 
differing Member State's legislation:
1. Operation of both furnaces with no gas-cleaning equipment.
2 . Operation of both furnaces with dry scrubbing 4  precipitator to meet UK Limits.
J. Operation of both furnaces with dry scrubbing 4 precipitator to meet German limits.
4. Operation of both furnaces with diy scrubbing precipitator to meet levels suggested by 
the draft BAT reference documents (httDV/eippcb.irc.es/)
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Conclusions to be drawn from the case study work to date include:
• When considering multiple furnace installations it has been found that a gas-cleaning 
system which treats the combined waste gases from all furnaces provides a better 
environmental option than separate gas-cleaning systems that treat the furnace waste gases 
individually.
• For an oil-fired furnace, it has been found that the best environmental option is to switch 
fuels to natural gas (with gas cleaning). If this is not possible (e.g. economically 
unacceptable) then the next best option is to fit gas-cleaning equipment (dry scrubbins and 
Electrostatic Precipitator) to meet the emission levels stated as achievable in the slass 
BREF.
• For a gas-fired furnace, it has been found that the best environmental option is to fit sas- 
cleaning equipment to the meet the emission levels stated as achievable in the glass BREF. 
In contrast it has been found that the fitting of gas-cleaning equipment to meet the levels 
stated in current UK and German legislation does not achieve a net environmental benefit 
over the 'cradle to gate' stages of the glass life cycle.
It must be noted that these conclusions are indicative and should be confirmed by assessment 
for each individual installation.
Requirements for future work
The Life Cycle study work is currently ongoing and over the next six months the RE intends 
to extend the study scope to include the use of low sulphur fuel oil, low NOx techniques 
(including SCR), the toxicity of particulates (with particular focus on particle size) and cost 
considerations, so that a further evaluation of BAT can be made. In addition it has been found 
that, when choosing BAT, not only is the choice of technique important but also the emission 
levels at which the techniques are operated. For example, operating dry scrubbing with a 
precipitator at BREF levels seemed to give a better environmental performance than the same 
technology at UK/German levels. This should be investigated further.
In addition to this the RE must gather information concerning waste to energy to identify the 
developing legislation within this field.
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Life Cycile Assessment for the determination of 
Best Available Techniques in the Glass Industry
Summary Report of Demonstration Study 
Introduction
The aim of this report is to give an overview of the research work on the applicability
of Life Cycle approaches for the assessment of Best Available Techniques (BAT)
under Integrated Pollution Prevention and Control (IPPC). Using a scenario based
Life Cycle approach (utilising Ecobilan’s TEAM software) the research examines
differing emission limits and thus differing requirements for waste gas clean-up with
respect to the European glass manufacturing industry. Whilst the research is not
currently complete it is becoming evident that there will be important findings that
will need to be disseminated to the wider audience in the near future. These
preliminary findings, together with plans for future research are discussed in this 
report.
Definition of Goal and Scope
Within this section the goal of the study is discussed and the scope defined. As part 
of this phase, the functional unit, system boundaries and data quality issues will be 
discussed and the various scenarios explained.
Goal of the Study
The goals of this study are twofold:
1. To demonstrate the applicability of Life Cycle Approaches in the decision 
making process for choice of BAT under IPPC.
2 . To investigate the Life Cycle impacts caused by meeting the requirements 
of differing emission limits within the EC, to determine the optimum 
emission limits and thus to inform the process for establishing BAT for the 
glass manufacturing sector.
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As discussed previously (Nicholas, 1998; Nicholas and Terry, 1998; Nicholas, 
Azapagic and Clift, 1998), environmental legislation covering the process and 
manufacturing industries is currently undergoing a great changes as a result of the 
adoption of the EC Directive on IPPC. The scope of this Directive, with respect to 
assessment of available techniques, is much wider than that required by current 
Member State s legislation. Not only does it require the integrated assessment of 
emissions, it also requires that competent authorities consider, issues such as noise, 
energy efficiency, consumption and nature of raw materials, off-site disposal of waste, 
the use of low-waste technology and use of less hazardous substances. In general, the 
IPPC Directive encourages pollution prevention through the use of clean technology 
and requires assessment of a larger portion of the product's Life Cycle compared to 
the traditional pollution control legislation (e.g.IPC).
At present, the IPPC Directive is being transposed into Member State legislation and 
BAT reference documents (BREFs) are being written to offer guidance on the choice 
of BAT. Consequently, there is a need for supporting information within this 
developmental process and also a need to develop new assessment methodologies to 
guide the choice of BAT. This study demonstrates that Life Cycle approaches can be 
used to include some of the wider considerations when making BAT decisions and 
gives specific results for the glass industry.
It must be highlighted that the study is based entirely on a hypothetical, non-site
specific installation, using average glass industry data. Whilst this is sufficient for the
purpose of methodological demonstration, it should be recognised that any specific
conclusions which have been drawn are only indicative and should not be taken to be
BAT for the whole glass sector. Indeed, IPPC requires that BÀT should be assessed
for each installation on an individual basis to ensure that local conditions are also 
considered.
This demonstration and its results are intended for those involved in developing 
assessment methodologies under IPPC and in particular for those who are involved 
with the glass industry - manufacturers, regulators and policy-makers.
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Scope of the Study
To demonstrate the potential of LCA to be used for IPPC BAT assessment, the glass 
industry has been chosen as a case study. In the UK this sector is not yet required to 
meet its emission limit requirements - 2001 is the deadline for this given by Local 
Vluthority.Air PoHudon Con%ol(LAuAPC). Lil%!wise, in manycxherlECcaunSie;, 
glass furnaces are in operation without 'end-of-pipe' flue gas cleaning equipment, the 
notable exception being Germany. Moreover, in different member states the existing 
and planned emission limits for glass furnaces vary considerably. With the inclusion 
of glass manufacturing within IPPC (with a 2007 compliance deadline) and the 
impending UK LAAPC limits deadline, the glass industry was chosen for this case 
study so that the results could inform the current debate.
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Figure 1: Legislative influence throughout the glass Life Cycle (Nicholas, 1998)
When taking a Life Cycle approach it is necessary to initially consider the product 
system from ’cradle-to-grave', that is from acquisition of raw materials through to 
final disposal. However, for a study concerning BAT for IPPC it will not be 
necessary to make a detailed assessment of the whole Life Cycle. As indicated in 
figure 1, in the case of the glass industry, IPPC is concerned with the front end of the 
Life Cycle, which is from 'cradle-to-gate'. Whilst other areas of the Life Cycle are 
influenced by EC legislation, for example Producer Responsibility, glass 
manufacturers do not have a direct influence over these sections (In the UK recovery
LCA for BAX under iPPC - Sum m ary Report
6  month report (30 months) 1/4/99
and recycling is the responsibility of Local Authorities). Therefore, flows between all 
stages outside of the IPPC's influence can be considered as constant (i.e. are not 
effected by BAT decisions) and 'cancel out' when systems are compared. For the 
purpose of this study these stages are not be included within the system boundaries.
In general, for all industry sectors, a similar streamlining of the Life Cycle can take 
place whereby all flows outside of the scope of IPPC can be considered as constant 
and thus fall outside of the study's system boundaries. The resulting system 
boundaries should be drawn to include the installation itself, energy and materials 
used by the installation, recovered energy/materials that can be returned to the 
installation, off-site disposal of wastes generated by the installation and all the related 
pollution. A diagrammatic representation of the system boundaries is shown in fisure
2 . This method of streamlining greatly reduces the amount of data and resources 
required as compared with a conventional 'cradle-to-grave LCA'. However, it should 
be recognised that this streamlined LCA (and indeed IPPC itself) does not question 
the existence/design/disposal of the product itself, merely the best techniques for 
manufacturing that particular product.
THE ENVIRONM ENT
SYSTEM  BOUNDARY
Prim ary Resources (or end of life materials for  
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Figure 2: The'System Boundaries of a LCA for IPPC BAT assessment
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When taking a Life Cycle approach it is necessary to relate all environmental burdens 
to a single parameter, thus enabling comparisons to be made between differing 
releases to different environmental media. The parameter is called the Functional 
Unit, and as the name suggests should closely represent the function that the system 
performs. In this case study, the function performed by the system is the manufacture 
of glass and so the Functional Unit has been chosen as 1kg of packed ware leaving the 
factory gate. From a legislative viewpoint, emissions have traditionally been 
measured in terms of the release in which they are carried. For example, gaseous 
emissions are expressed as mg/NW or liquid effluent as mg/1. However, IPPC 
encourages emissions to be related to a single parameter, for example the product of 
the installation, thus allowing easier comparison between differing technologies. 
Again this demonstrates similarities between Life Cycle approaches and the IPPC 
Directive.
The differing scenarios used in this study have been generated by consideration of an 
installation consisting of two glass furnaces, each with the capacity of 2 0 0  tpd packed 
ware (pw) manufacturing 400 tpd pw total. The scenarios are based around the 
operation of the two furnaces both firing either gas or 3 .5 % sulphur fuel oil with or 
without the addition of end-of-pipe technology (dry lime scrubbing and electrostatic 
precipitator). Emission limits that have been considered (see table 4 ) are the UK 
LAAPC limits for 2001, the German TA-Luft limits and the values achievable by the 
stated technology as cited in the draft BREF for the glass sector under IPPC (Glass 
BREF, 1999). Further details of these scenarios and of the technology used are 
discussed in the Inventory Analysis section.
With respect to the quality of data required it is necessary to take a further look at the 
system boundaries. As indicated in figure 2 , the system can be subdivided into the 
'Background System' and the 'Foreground System'. The data used for the foreground 
system (the installation) should be case specific. It will either be operational data 
collected from that particular installation or specific design data, if a new or modified 
process is being proposed. In this case study, as no specific furnace data was 
available, the data used for the foreground is typical industry data for a glass furnace 
combined with specific design data for the abatement technology. The background 
system represents materials and energy supplied or recovered with no specific source
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(e.g. electrical energy is supplied from the national grid and generated by different 
methods). For the background data it is appropriate to use industry-averaged data, 
which is readily obtainable from databases (e.g. DEAiM by Ecobilan). As mentioned 
previously, this study is for demonstration purposes only, and in an actual BAT 
assessment, specific case data should be used wherever possible.
Life Cycle Inventory Analysis
Within this section of the report the system is explained in more detail. In addition, 
the required data is collected and mass and energy balances are carried out to compile 
and inventory of data that relates to all stages within the system boundaries (Data 
collection and calculation procedures).
General Description of Life Cycle inventory
The process for glass manufacturing is relatively simple in comparison to other 
industrial activities covered by IPPC. A simplified schematic process diagram, with 
one furnace only (the case study uses two in parallel) is shown in figure 3. Raw 
materials (Soda Ash, Limestone and Sand) are delivered to the installation and stored 
in the batch house along with any recycled off-specification product (Gullet) and dust 
collected from waste gas cleaning. The batch mixture is prepared and fed into the 
flimaceto be heated by burners fired by Natural Gas or Oil until molten. Once a 
homogeneous pool of molten glass has formed it flows out of the furnace and is 
formed into the required shape (e.g. flat glass or containers), checked for quality and 
then transported away from the installation. The combustion air for the furnace 
burners is preheated using the energy of the combustion gases and gases evolved from 
melt reactions. These gases are released to atmosphere, with the option of flue gas 
cleaning (acid gas and dust removal) prior to discharge through the stack. A list of 
the main streams indicated in the process flow diagram is given in table 1.
An important point to consider is that, due to the industry-averaged nature of this case 
study, the transport steps have not been included in the system boundary. Whether 
PPG itself includes transport is outside of the scope of this paper. However, ideally 
transport should be considered as the additional impacts can have an influence on the 
choice of BAT. It should also be noted that in addition to the environmental
1 0
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interventions caused throughout the system by operation of the installation, the 
interventions caused by construction o f the gas cleaning system have been included. 
This was achieved by using, as an indicator, the mass o f steel required and assuming a 
20 year life span o f the installation). However, construction o f  the rest of the 
installation (furnace, material storage and handling etc) is not included, as burdens 
will be identical for all cases.
Figure 3. LCA flow diagram for glass manufacturing.
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Table T. Definition o f major streams within the system
Stream Description
1 Raw Materials (Soda Ash, Limestone, Sand)
2 Furnace Fuel (Natural Gas or 3.5%S Fuel Oil)
3 Main Plant Electricity
4 Gas Cleaning Plant Electricity
5 Combustion Air
6 Lime for Acid Gas Removal
7 Packed Ware (Functional Unit)
8 Flue Gas
9 OfF-Specification Product Recycle
10 Gas Cleaning Dust Recycle
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The ten Scenarios that have been considered are listed below. The actual figures used 
are discussed under data collection and calculation procedures (below).
Case 1. Both furnaces gas fired with no abatement equipment.
Case 2. Both furnaces oil fired (3.5%S) with no abatement equipment.
Case 3: Gas fired with individual abatement for each furnace, UK 2001 limits.
Case 4: Gas fired with combined abatement, UK 2001 limits.
Case 5: Oil fired with individual abatement for each furnace, UK 2001 limits.
Case 6: Oil fired with combined abatement, UK 2001 limits.
Case 7. Gas fired with combined abatement, German limits.
Case 8. Oil fired with combined abatement, German limits.
Case 9: Gas fired, with emissions within typically achievable range cited in BREFs. 
Case 10: Oil fired, with emissions within typically achievable range cited in BREFs.
It was found that, when comparing cases 3&4 and cases 5&6, the cases which had 
separated, individaul gas cleaning systems for each furnace used more and thus had a 
worse environmental performance than the cases which had a single system cleaning 
the combined gases from both furnaces. For this reason it is assumed that for multiple 
furnace installations a combined cleaning system would be considered preferable (i.e. 
BAT), thus only combined systems have been used in the Life Cycle Assessment.
Data collection and calculation procedures
In many cases, the decision about BAT will be based upon data available from an 
existing, operational installation. In this case study however, industry averaged data, 
combined with process design data is used. This section describes the data sources 
and assumptions made during the engineering calculations to gain mass and energy 
balances for the installation and the background system surrounding it. The full 
installation mass balance can be found on pages 15 and 16.
Raw Materials
There is a vast range o f types of glass made by the glass industry. However, as noted 
by Pfeander (1996), most glass types have very similar compositions and are called 
soda-lime glasses. The typical range o f soda-lime glass compositions and the values 
used in this study are given in table 2. The actual mass of raw materials required is 
calculated for each case by a mass balance that includes the gas cleaning dust recycle. 
This study does not consider the low levels of other compounds (intermediates, 
colouring/decolouring etc) which are used. In some cases, for example the addition o f
12
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selenium based compounds, these can have an impact on the emissions and thus 
should be considered in case specific studies. Additionally, the glass furnace in this 
study does not use any cullet from outside of the installation boundaries:
Table 2. The raw materials for glass making (Pfeander, 1996)
Compound Typical composition Case Study values
Sand 71-75% 73%
Soda ash 12-16% 14%
Limestone 10-15% 13%
FueL combustion air and waste gas mass balance
In this sample calculation combustion data for Natural Gas will be used (DOE, 1994). 
The initial stage involves calculation of the amount of energy required for glass 
melting in a 200 tpd furnace:
Average specific melting energy = 5.8 GJ/tonne melt 
-i" Other installation energy supplied by fuel = 0.425 GJ/tonne melt 
gives Total fuel requirement = 6.225 GJ/tonne melt 
Within an installation there will be a certain amount of internal glass recycling, due to 
breakage and poor quality product. Typically, the weight of saleable, packed ware is 
approximately 80% of the mass o f glass melt.
Total fuel requirement = 6.225 / 0.8 = 7.8 GJ/tonne packed ware 
According to Perry (1984) the net heat o f combustion from Methane (main 
component o f Natural Gas) is 21,520 BTU/lb or 50MJ/kg, therefore 
Total fuel requirement = 0.16 kg/kg pw
To complete the combustion mass balance, it has been necessary to use further data 
and assumptions. The quantity o f flue gases from a 200 tpd furnace has been taken as 
21,j 00 N m j/hr (DOE, 1994) or 3.2 Nm'^/kg pw. This consists o f the combustion 
products and additional gases evolved from melt reactions. Table 3 gives a typical 
flue gas composition, which has been used in calculating the mass balance. It has also 
been assumed that 12% of the mass of raw materials is lost to the flue gas due to melt 
reactions (Glass BREF, 1999).
13
LCA for BAT under IPPC - Summary Report 6 month report (30 months) 1/4/99
Table 3: Waste gas composition for typical UK furnaces - Combined emissions from 
furnace firing and glass melt reactions. Source : DOE (1994)
Component Concentration (%)
Nitrogen (N%) 73.6
Carbon dioxide (CO?) 6.8
Oxygen (0%) 6.1
Water (H2O) 13.2
Flue gas cleaning system
For each specific case a flue gas cleaning system, comprising o f reaction tower, 
electrostatic precipitator, fan and ancillaries was designed and the lime and energy 
requirements calculated. Cases 1-10 are based upon the emission limits for the UK 
and Germany and the achievable emissions cited in the Glass BREF (1999) (Table 4). 
It should be noted that for cases based upon BREFs the levels used are at the mid 
point o f the ranges cited. In addition, the values used for NOx do not correspond to 
those recommended. This is because the BREF values have been based upon primary 
techniques and Pilkinton s j R s for which no data is available. Thus, within the mass 
balances, values with no NOx reduction have been used. Further work will aim to 
include NOx reduction techniques within the study.
Table 4: Glass Furnace flue gas emissions...... r;---------- ---- o**
C/K 
EPA 90 
ms/Nm^
Germait 
TA Luft 
ms/Nm"'
BREF  
guide values
m.s/Nm"*
BREF  
values used 
m s/NW
Sulphur Oxide (as SO2) 1600
- Gas fired 750 200-500 325
- Oil fired 1750 500-1200 850
Nitrogen Oxides (as NOx) 2700 500-700 2100-2400*
Flouride (as HF) 5 5
Chloride (as HCl) 50 30
Total Particulate matter
* _______ _ - 4. / c
100 30 5-20 13
A summary o f the basic data and complete mass balances for all 10 cases is given on 
the following two pages. The error within the mass balance (difference between 
inputs and outputs) has been calculated as less than 0.5% for all cases. This is 
acceptable due to the assumptions made and the averaged nature of the data used.
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Life Cycle Inventory Results
Examination o f the Life Cycle Inventory shows that not all stages within the life cycle
give rise to releases to the environment or depletion of resources. This is because
many stages are used only to define changes in the mass balance. For example, the
furnace stage involves use of Sand, Soda ash etc, but the raw material acquisition is
accounted for in stages prior to the furnace. The furnace also generates pollution, but
this IS not released from the furnace itself but goes through the gas cleaning stage and
is then released from the chimney. However, it should be recognised that whilst some
stages have no direct interaction with the environment, changes concerning the design
o f these stages can have an impact on the environmental burden o f the system as a 
whole.
The stages with no direct intervention with the environment (assuming no fugitive 
releases) are:
Batch Storage/Mixing, Glass Furnace, Quality control. Recycled cullet 
storage, Gas Cleaning, EP Dust storage.
The stages that have direct interventions with the environment are:
Natural Gas / Oil Production, Sand Quarrying, Limestone Quarrying, Soda 
Ash Production (incl. raw materials). Lime Production (incl. raw materials), 
Electricity generated for supply to raw material production and supply to Installation, 
Steel Plate Production (for gas cleaning plant construction) and finally the Chimney.
The following pages discus the releases/consumption of specific substances across the 
Life Cycle. These substance are used as initial indicators o f the most polluting Life 
Cycle stages and also an initial indication of the differences between cases. The 
TEAM articles (individual substances) used as indicators are:
Releases o f Particulates, SOx, NOx, and CO? and; '
Consumption o f Natural Gas, Oil, Water, Sand, Limestone and Sodium 
Chloride (for Soda Ash manufacture).
17
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Chart 1. Particulate releases from Life Cvle Stages
35
30
=4 20
I
3 15
10 ■
Clasi Fuel
anufacurirg Produedon -Wîisle
U l l  255! U.T.e 
Lâscstene (Slaked.
(CaC03): Ca(OH:C):
Q u a ï ji rg .!  Produsion.1
1421 Sand 2411 S c d a .^ h  401 Maienal* 401 Plan; 271S Sceel 
(Glass U jc): (N a2C03): Z e e n c y  S e c h c y  p ire :
Q uanting. 1 Predusion.1 (United (United P r s d u s ic a t
Kinadata. Kingdom,
1955): 1555):
Produsicn.1 Produsicn.1
Life Cycle Stage
Chimney
QGas
□  Gas
□  Gas
□  Gas 
a  Oil.
□  Oil.
□  Oil.
□  Oil.
• no cleanup
- EP.A90
- TA-Luf: 
-BRE?
• no cleanup 
■ EP.A90
• T.A-LuA 
•BRE?
Chart 1 shows that over 30g o f particulates are released to the environment overall for 
every 1kg o f packed ware produced. The majority o f these releases can be attributed 
to acquisition and processing of raw materials. Of particular importance is the 
production o f Soda Ash which, despite only making up 14% o f the glass batch, 
generates over 50% o f the systems particulate releases.
In comparing the various cases it can seen that for gas fired furnaces (first four bars of 
chart 1) the reduction in particulates from the chimney (achieved by meeting EPA90, 
TA-Luft and BREF levels 100, 30 and 13 mg/Nm^ respectively) results in a slight 
reduction o f particulates overall. For Oil fired furnaces, although chimney releases 
are reduced, there is a slight increase in particulates overall. This is because the 
reductions from the chimney are outweighed by increases caused by the lime 
production required for acid gas removal. However, as will be seen from the next 
chart, this minor increase in particulates is insignificant when compared to the 
reduction in SOx achieved by fitting gas-cleaning equipment.. Moreover, significant 
uncertainties arise when considering the health effects of the particulates -from 
different sources with respect to their differing size distributions. TEAM does not 
distinguish between the various particle sizes (and does not include particulates in the
18
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impact assessment phase) so a reduction in sub-micron fume from the chimney may
possibly outweigh the health effects caused by increasing the particulates created by
quarrying and processing slaked lime. This will be discussed further in the Impact 
Assessment stage.
Chart 2. SOx releases from Life Cvcle Stages
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As illustrated by Chart 2, the predominant Life Cycle stage for SOx emissions is the 
furnace chimney, with smaller releases attributable to the manufacture o f Soda Ash 
and electricity production. When comparing the various cases, the benefits o f fitting 
acid gas scrubbing equipment can clearly be seen, as the overall SOx levels fall with 
reduction o f releases from the chimney. It will be assessed later whether these 
reductions result in an overall reduction o f impact or whether the burden is shifted 
elsewhere.
A further issue is that Natural Gas firing produces lower SOx over the whole system
than firing with 3.5%S fuel oil. It is generally agreed that Natural Gas is a ’cleaner’
fuel than Oil and with respect to SOx, and this is clearly demonstrated. However, one
disadvantage o f using Natural Gas can be seen in chart 3, which concerns releases of 
NOx.
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u G a s
!0 c;:anu3
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Chart 3: NOx releases from the Life Cvcle Stages
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Whilst Natural Gas firing generally causes less pollution overall than 3.5% sulphur 
fuel oil it does not cause lower levels o f NOx. This is due to the fact that sas has a 
lower flame luminosity than oil and thus requires higher flame temperatures for the 
same quantity o f energy to be transferred to the melt. Thus there is more thermal 
NOx formed in a gas-fired furnace than an oil-fired furnace.
Although primary techniques, Pilkington s j R s and end o f pipe technologies for NOx 
removal have not been considered in this, case study it can be seen that most of the 
NOx emissions are generated by the furnace and released through the chimney. 
Therefore, there is a large potential for reduction of overall NOx levels by reducing 
l^Ox released from the installation. This should be considered in further case study 
work.
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Chart 4. C 02 releases from Life Cycle Stages
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With respect to CO2, Natural Gas firing results in lower emissions than Oil firing due 
to the higher energy content per mass of fuel. A subtle difference between systems 
with and without end-of-pipe abatement can also be seen. The increased pressure 
drop caused by the gas cleaning equipment causes a slight increase in plant electricity 
consumption. The cases with gas cleaning thus cause slightly more CO? than cases 
with no gas cleaning
Charts 5 and 6 (Natural gas and Oil) respectively both show the results for fossil fuel 
depletion. As expected, the stage that depletes most resources in both cases is the 
production o f the fuel for firing the furnace. Other stages that play a significant role 
in Gas and Oil consumption are the generation o f electricity to power the plant and 
the production o f Soda Ash.
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Chart 5, Natural Gas consum ption over Life C ycle stages
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Chart 7. Water consumption for Life Cvcle Stases
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Whilst water consumption does not feature heavily in the actual manufacturing 
process (with the exception o f grinding for specific products) it was noted in previous 
assessments that the consumption o f water was significant when considering the 
whole system. Chart 7 shows that over 2.5 litres o f water are used per kg o f packed 
ware. The greatest consumer is Soda Ash production. Those systems with gas fired 
furnaces use a lower quantity o f water overall than those with oil fired furnaces due to 
differing consumption of water in the fuel production stases.
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Chart 8: Sand, Limestone and Sodium Chloride consumption over the whole sj’stem
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Chart 8 shows the comparative consumption o f Sand, Limestone and Sodium 
Chloride (Soda Ash production) for each of the eight systems considered. It can be 
seen that the addition of gas cleaning equipment to meet various limits only has a 
minor effect upon the quantities o f raw materials consumed. The most marked effect 
is with respect to Oil fired furnaces (last four sections). Here, because of the 
increasing quantities of lime used for acid gas removal there is an increased overall 
consumption o f Limestone. Also, because the dust from gas cleaning is recycled to 
the batch, a small amount o f raw material is displaced and there are reductions in 
consumption o f Sand and Soda (hence Sodium Chloride).
The act of recycling gas-cleaning by-products can effect the composition o f the batch. 
Theoretically, due to product quality constraints, there is a maximum amount of that 
can be recycled, beyond which any further quantity of dust produced would require 
removal from the site and disposal by landfilling. However, as demonstrated by 
existing furnaces in Germany, operators are able to control batch composition and the 
small variances caused by dust recycling are acceptable. Most German furnaces 
recycle 100% o f the gas cleaning dust.
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Tables 5 and 6 summarise the inventory analysis data that has been discussed. The
key stages for burdens are the Furnace Chimney, Soda Ash production and Plant
Electricity generation. The only substance to be greatly affected by addition of flue
gas abatement is SOx with major reductions achieved for both gas fired and oil fired
furnaces. Generally (with the exemption of NOx) Gas firing gives lower pollution 
levels than Oil firing.
Table 5. Key stages for releases/resource depletion for key indicators.
Primary
contributor
Secondary
contributor
Tertiary contributor
Particulates
SOx
NOx
CO2
Gas depletion 
Oil depletion 
Water depletion
Soda Ash production 
Furnace Chimney 
Furnace Chimney 
Furnace Chimney 
Fuel production 
Fuel production 
Soda Ash production
Limestone Quarrying 
Electricity generation 
Electricity generation 
Electricity generation 
Electricity generation 
Soda Ash production 
Electricity generation
Electricity generation 
Soda Ash production 
Soda Ash production 
Soda Ash production 
Soda Ash production 
Electricity generation 
Fuel production
Table 6: Effect o f fitting gas cleaning equipment on key indicators.
Effect for Gas-Fired Furnace Effect for Oil-Fired Furnace
Particulates
SOx
NOx
CO2
Gas depletion 
Oil depletion 
Water depletion
Slight Decrease 
Major Decrease 
Negligible effect 
Slight Increase 
Negligible effect 
Negligible effect 
Negligible effect
Slight Increase 
Major Decrease 
Negligible effect 
Slight Increase 
Negligible effect 
Negligible effect 
Negligible effect
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L i f e  C y c l e  I m p a c t  A s s e s s m e n t
In this stage the data collected in the Inventory Analysis stage is assigned to impact 
categories (classification) and modelled within those impact categories 
(characterisation).
In discussing the results the following constraints must be considered;
• The LCA is 'cradle-to-gate'
• Primary measures (non end-of-pipe) have not been considered in this study
• Construction o f the gas cleaning plant is included, construction o f the 
furnace excluded.
• Particulates are not considered in Impact Assessment
With respect to particulates, it was found in the Inventory Analysis stage that fitting 
o f gas cleaning equipment achieved little change in overall mass emissions o f 
particulates. This is because most of the particulates are generated by Raw Material 
acquisition and processing. With respect to particulate size, however, gas cleaning 
equipment lessens the smaller size particulates (furnace fume) and potentially 
increases the larger size particulates (from quarrying etc.). This change in 
characteristic may reduce the toxicological effect of the particulates. However, there 
is currently no data available to relate particulate size to Human Toxicology so for 
this study the toxicity of particulates has not been considered (an assumed nil effect). 
Since the benefit o f fitting gas cleaning equipment has not been fully accounted for, 
comparisons are based on a conservative evaluation o f the benefits o f gas cleaning. 
Future work by the RE must examine the possibility o f including particulate size 
characteristics within Impact Assessment.
A sample Impact Assessment spreadsheet (including Inventory data) for a gas fired 
furnace without gas clean-up is included in appendix A at the end o f this study. It can 
be seen that both Problem oriented and Valuation approaches are calculated within 
TEAM. This study, however will only use the Problem oriented results as opinions 
expressed in valuation will vary greatly between Member States.
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The impact categories used in this study are;
CML-AIr Acidification 
CML-Aquatic Eco-toxicity 
CML-Depletion of non renewable resources 
CML-Depletion of the ozone layer (high) 
CML-Depletion of the ozone layer (low) 
CML-Eutrophication 
CML-Eutrophication (water)
CML-Human Toxicity 
CML-Terrestrial Eco-toxicity
Ec(R)-Depletion of non renewable resources 
Ec(Y)-Depletion of non renewable resources 
Ec(R"Y)-Depletion of non renewable resources 
ETH-Air Acidification
IPCC-Greenhouse effect (direct, 20 years) 
IPCC-Greenhouse effect (direct, 100 years) 
IPCC-Greenhouse effect (direct, 500 years) 
USES-Aquatic Eco-toxicity 
USES-Human Toxicity 
USES-Terrestrial Eco-toxicity 
WMO-Photochemical oxidant formation (high) 
WMO-Photochemical oxidant formation (low)
Table 7. Main Contribution to CML Impacts (Gas fired furnace - no gas cleanup)
Impact I Top 3 A rticles M ain LC staoe
CML-Air Acidification
CN-IL-Depletion o f  non 
renewable resources
CML-Depletion of the ozone 
layer (hi^)
CML-Eutrophication
CML-Eutrophication (water)
CML-Aquatic Eco-toxicity
CML-Human Toxicitv
CML-Terrestrial Eco-toxicirv
(a) Nitrogen Oxides (NOx 
as N 0 2 )
(a) Sulphur Oxides (SOx as 
S 0 2 )
(a) Ammonia (NK3)
(r) Natural Gas (in ground) 
(r) Uranium (U, ore)
(r) Oil (in ground)
(a)H alon 1301 (CF3Br)
(a) Nitrogen Oxides (NOx 
as N 0 2 )
(w) Ammonia (NH4-r, 
NH3, as N)
(w) Nitrogenous Matter 
(unspecified, as N)
(w) COD (Chemical 
Oxygen Demand)
(w) Cadmium (Cd-H-)
(w) Benzene (C6H6)
(w) Chromium (Cr III, Cr 
VI)
(a) Nitrogen Oxides (NOx 
as N 0 2 )
(a) Sulphur Oxides (SOx as 
S 0 2 )
(a) Nickel (Ni)
(s) Zinc (Zn)
(s) Arsenic (As)
Chimney
Chimney
2411 Soda Ash (Na2C 03); Production. 1
111 Natural Gas (North Sea): Production 
and Transport to Shore. 1 
401 Plant Electricity (United Kingdom, 
1996): Production. 1
2411 Soda Ash (Na2C 03): Production. 1 
2411 Soda Ash (Na2C 03): Production. 1
Chimney-
401 Plant Electricity (United Kingdom, 
1996): Production. 1
401 Plant Electricity (United Kingdom, 
1996): Production. 1
2411 Soda Ash (Na2C 03): Production. 1
2411 Soda Ash (Na2C 03): Production. 1 
2411 Soda Ash (N a2C 03): Production. 1 
2411 Soda Ash (Na2C 03): Production. 1
Chimney
Chimney
2411 Soda Ash (Na2C03): Production. 1
401 Plant Electricity (United Kingdom, 
1996): Production. 1
401 Plant Electricity (United Kingdom. 
1996): Production. 1
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Chart 9: Contribution to CML impacts by Life Cycle Stages (Gas fired furnace - no gas 
cleanup)
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Chan 10 : Contribution to CML impacts by Life Cycle stages (Oil fired furnace - no gas 
cleanup)
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From table 7 and charts 9 and 10 it can be seen that the stages that make the greatest 
contnbution to the various impacts are Fuel production, soda ash production, 
electricity production and the furnace chimney. The furnace emissions are the major 
contributors to Air acidification (NOx and SOx), Eutrophication (caused by NOx 
emissions transferred to water) and Human Toxicity (NOx and SOx). It can also be 
seen from a comparison o f charts 9 and 10 that gas firing results in a generally lower 
contribution to overall impacts from the fuel production stage than oil firing.
The final and potentially most revealing stage o f this study involves comparison of 
the different cases with respect to comparable groups of impact categories. It has 
already been noted that a wide variety of impact categories, involving a range of 
techniques is available within TEAM. The comparison of these techniques to 
determine which would be most appropriate to use is beyond the current scope of this 
study. To enable comparisons to be made specific impact categories have been 
grouped into general categories. For example, CML-Air Acidification and ETH-Air 
Acidification can be grouped together. Thus when making a comparison between 
cases and assessing the percentage change in Impact an average percentage change 
can be found for the air acidification group based on the two methodologies. This 
approach is hoped to give an overall guidance within the decision making process 
without getting too involved with methodological discrepancies. The full comparison 
calculations are given in appendix B.
The following charts show the average percentage change for groups o f impact
categories achieved by fitting gas-cleaning equipment (dry scrubbing plus
precipitator). The base cases used for comparison are cases 1 and 2, either a gas fired
furnace without gas cleaning or an oil fired furnace without gas cleaning. It can be
seen that for the oil fired base case a comparison based on fuel switching to natural 
gas has also been included.
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Chart I I .  A veraged C hange in Im pacts - m odifications to o il fired furnace
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It can be seen from Chart 11 that if  the possibility of fuel switching is available then 
this is by far the best option as it creates large-reductions in all but one o f the impact 
categories. Depletion o f non-renewables is worse for gas fring  simply because there
are fewer known reserves o f gas than of oil.
With respect to addition of end-of-pipe gas cleaning technology to an oil fired 
fiimace, it can be seen that significant reductions in impacts are achieved for both 
Acidification and Human Toxicity (due to reduction of SOx). These reductions are at 
the cost o f minor increases in other impacts, but it is considered that the 
environmental benefits outweigh the environmental costs and fitting o f gas cleaning 
equipment is on the whole, beneficial. The best environmental option (after fuel 
switching) is achieved using emission levels stated in the glass BREF, again because 
this has the lowest level o f SOx. As discussed previously this conclusion is likely to 
be strengthened when particulates are included in the impact assessment due to the 
reduction o f the smaller fraction.
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Chan 12: Averaged Change in Impacts - modifications to gas fired furnace
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When considering modification to a gas fired furnace the conclusion cannot be as 
easily drawn. For the cases o f fitting gas cleaning equipment to meet the UK's 
LAAPC limits or Germany's TA-Luft limits it can be seen that the reductions in SOx 
result in reductions in acidification and human toxicity. However, it appears that 
these benefits are balanced by worse performance in the other impact categories. 
Inclusion o f particulates may make gas cleaning seem slightly more favourable, but 
the overall reductions in particulates were minimal (see chart 1) so are not likely to 
have that much influence on the results. It can be concluded that on the whole 
meeting the UK and German emission limits does not produce a significant net 
improvement in environmental performance.
V/hen c(>nsidk:ririg the kvels stated in tlie glass BREF a different c()nclusion can be 
drawn. Because o f the LCA’s sensitivity to SOx and the low levels of SOx stated in 
the BREF values result in significant reductions of Acidification and Human Toxicity. 
Moreover, the additional dust recycled displaces raw materials (notably Soda Ash) 
and reduces some o f the background burdens (see depletion o f ozone layer and
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terrestrial toxicity). Thus it is considered that fitting gas cleaning equipment (dry 
scrubbing and Electrostatic precipitator) to meet the levels suggested by the glass 
BREF is the best environmental option for a gas fired furnace.
Study conclusions
It has been demonstrated that a streamlined Life Cycle approach can be used to cover 
the wider considerations required by IPPC. Moreover, the technique o f relating 
impacts to a Functional Unit is compatible with the approach taken by IPPC. The 
glass industry has been used as a demonstration case study.
Conclusions to be drawn from the specific case study (for a typical installation firing 
on either gas or 3.5% Sulphur fuel oil) are:
• When considering multiple furnace installations it has been found that a gas- 
cleaning system which treats the combined waste gases from all furnaces provides 
a better environmental option than separate gas-cleaning systems that treat the 
furnace waste gases individually.
• For an oil-fired furnace, it has been found that the best environmental option is to 
switch fuels to natural gas (with gas cleaning). If  this is not possible (e.g. 
economically unacceptable) then the next best option is to  fit gas-cleanins 
equipment (dry scrubbing and Electrostatic Precipitator) to meet the emission 
levels stated as achievable in the glass BREF.
•  For a gas-fired furnace, it has been found that the best environmental option is to 
fit gas-cleaning equipment to the meet the emission levels stated as achievable in 
the glass BREF. In contrast it has been found that the fitting o f gas-cleaning 
equipment to meet the levels stated in current UK, and German legislation does not 
achieve a net environmental benefit over the 'cradle to gate' stages of the glass life 
cycle.
These conclusions are indicative and should be confirmed by assessment for each 
individual installation.
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R e q u i r e m e n t s  f o r  f u t u r e  w o r k
It is intended that the work will be extended to include the use of low sulphur fuel oil, 
low NOx techniques (including SCR), the toxicity o f particulates (with particular 
focus on particle size) and cost considerations, so that a further evaluation o f BAT can 
be made. In addition it has been found that, when choosing BAT, not only is the 
choice of technique important but also the emission levels at which the techniques are 
operated. For example, operating dry scrubbing with a precipitator at BREF levels 
seemed to give a better environmental performance than the same technology at 
UK/German levels. This should be investigated further.
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Appendix A
Sample spreadsheet for Impact 
Assessment
Gas fired furnace - no gas cleanup
34
Sample Impact Assessment SpreaPsheet
System; gl Ecoûalance: g lass 
Article Units 
InFlcws: (r) Sanum kg
(r) Bauxite kg 
(r) Bentcni kg 
(r) Caiciu kg 
(r) Chrcmi kg 
(r) Clay (in kg 
(r) Ccal (in kg 
(f) Ccpper kg 
(r) Gravel kg 
(r) Iron (F kg 
(r) Iren Su kg 
(r)Leafi( kg 
(r) Lignite kg 
(r) Limes: kg 
(r) Manga kg 
(r) Natural kg 
(r) Nickel ( kg 
(r) Oil (in kg 
(r)P yn te( kg 
(r) Sanp (i kg 
(r} Silver ( kg 
(r) Scciam  kg 
(r) Sulpnu kg 
(rjuraniu  kg 
(r)Zinc(Z kg 
clectncir/ MJ elec 
Explosive kg 
Iron SC.-3P kg 
Land Use m2a 
Land Use m2a 
Land Use m 2a 
Raw Mete kg 
W ater Us litre 
Water: ? u  litre 
W ater Un litre 
W eed kg 
OutFIc-ws: (a) Acetal g 
(a)Acepc g 
(a) Acetcn g 
(a) Acetyle g 
(a) Aldehy g 
(e) Alkane g 
(a) Alkene g 
(a) Alkyne g 
(a) Alumin g 
(a) Ammo g 
(a) Antimo g 
(a)A O X ( g 
(a) Aroma: g 
(a) Arseni g 
(a) Earium g 
(a) Benzal g 
(a) Senze g 
(a) 3enzo( g 
(a) Ser/liu g 
(a)Scron g 
(a) Bromiu g 
(a) Butane g 
(a) Sutene g 
(a)Cadm i g 
(a) Caiciu g 
(a)Carpo g 
(a) Cardo g 
(a)C arpo g 
(a) Cniorid g 
(a) CWorin g 
(a) Chlorin g 
(a) Cnromi g 
(a) Codait g 
(a) Coppe g 
(a) Cyanid g 
(a) Oioxins g 
(a) Ethane g 
(a) Ethane g 
(a) Ethyls g 
(a) Ethyle g 
(a) rluchd g 
(a) riucrin g 
(a) Formal g 
(a) Haicge g 
(a) Halcn g 
(a) Heptan g 
(a) Hexan g
glass m an 111 Natur 1411 Lime
5 .012-05 0 0
0.00013 0.000123 0
A 732-05 0 0
8 .352-07 0 0
S.S32-09 0 0
8.432-05 0 0
0.153435 0.001725 1.072-05
4.502-03 0 0
0.000114 0 0
0.000412 0 0
3 .932-05 0 0
1.532-03 0 0
7.952-05 0 0
0.353763 0 0.1452
5.512-09 0 0
0.214794 0.15951 2.542-05
3.252-09 0 0
0.033205 0.000427 0.00013
8.032-05 0 0
0.832233 0 0
2.432-10 0 0
0.255305 4.502-05 0
1.342-07 0 0
3.082-03 0 0
3.552-10 0 0
0 0 0.001537
8.992-07 0 0
3.782-05 0 0
0.00011 0 0
1.472-05 0 0
5.202-05 0 0
0.005711 0 0
2.73213 0.00752 2.502-05
0.003553 0 0
2.77334 0.00752 2.502-05
0.000782 0 0
0.000147 0 0
0.000757 0 0
0.000145 0 0
0.001105 0 0
8.032-05 0 4.742-05
0.005583 0 0
0.001143 0 0
8.172-03 0 0
0.021251 0 0
0.319574 0 2.3724:5
4.102-05 0 0
1.772-14 0 0
0.000145 0 0
5.4^2-05 0 0
0.000255 0 0
1.482-11 0 0
0.00219 0 0
3.452-05 0 0
4.172-05 0 0
0.002019 0 0
0.000404 0 0
0.00511 0 0
4.322-05 0 0
3.502-05 0 0
0.002339 0 0
1025.27 33.23 0.465055
0.355304 0.032 0.000115
1.192-03 0 0
9.682-09 0 0
1.522-07 0 0
1.732-07 0 0
6.522-05 0 0
4.002-05 0 0
8.142-05 0 0
5.512-05 0 0
4.132-11 0 0
0.042199 0 0
0.000291 0 0
4.322-05 0 0
0.024229 0 c
2.552-07 0 0
4.722-08 0 0
0.000722 0 0
2.332-15 0 0
5.472-05 0 0
0.000431 0 0
0.000931 0 0
2551 Lime 
0 
0 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
c 
0 
a 
0 
0 
0 
0 
0 
0 
0 
Q
c
0
0
0
0
c
0
0
0
0
0
a
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Q
0
0
0
0
0
0
0
0
c
0
0
0
0
0
0
0.042534 0.040502 
0 
0 
0 
0 
0 
0
0.15=333
1421 Sand 2411 Soda 4 0 1 Mater 4 0 i Plant 
0 7 33E-07 2.5SE-06 4.67E-05 
0  1.42E-06 S.17E-0a 9.03E-07 
0 6.93E.03 2.51E-07 4.41EX36 
0 3.3SE-07 0 0
0 1 41E.10 5.11E-10 3.98E-09 
0 4,32E-CS 42S E -06  7.S2E-05 
4.23E-05 0 02335 0.00SS2S 0.116431
0 7.17E-10 2.S0E-09 4.57E-08 
0 0.CCC114 0 0
0 5.30E-05 1.93E-0S 0 .000339 
0 2.ÔÔE-09 2.14E-07 3.7SE-0S 
0 2.24S-10 8.1 IE -10 1.43E-0S 
0 1.33E-0S 4.21 E-OS 7.40E-05 
0 0.194311 0.001113 0.019554 
0 8.21E-11 2.97E-10 5.23E-C9 
0.003773 0.00357 0.00175 0.030949
0 4.77E-11 1.73S-10 3 .042-09 
0.001512 0.023351 0 .000413 0 .007253 
0 1.13E-05 4.25E-0S 7.452-05 
0.3322 1.50E-OS 3.542-05 5 .412-05 
0 3.55E-12 1.29E-11 2.25E-10 
0 0.255153 5.C3E-03 3.93E-05 
0 1.342-07 0 0
0  3.39E-10 1.53E-07 2.91 E-OS 
0 5.21E-12 1.39E-11 3.32E-10 
0 0 
0 4.84E-03 8.30E-07 
7.27S-05 1.S4E-05 2.39E-05 
0.00011 0 0 
1.47E-Q5 0 0
5.20E-05 0 0
S.5GE-05 0 .000307 0.005394 
1.93097 0.033723 0.592995 
0 0.003553 0 0
0.155533 1.97741 0.033715 0.592777
0 0.000135 3.43E-05 0 .000512 
0 0.000107 2.15E-05 3.77E-05 
0 0.00043 1.81 E-05 0.000319
0 0.CC0107 2.09E-05 3.57E-05 
0 7.112-07 5.95E-05 0.001045 
5.33E-05 5.53E-G3 3.46E-07 1 .492-05 
0 0.001523 0 .000272 0 .004733 
0 2.22E-05 5.03E-05 0.00105
0 1.20E-09 4.33E-Q9 7.52E-03 
0 1.37E-C5 0 .001143 0.020095 
2.S5E-05 0.319203 2.35E-05 0 .000413 
0 2.S3E-09 2.20E-07 3.83E-C3 
1.142-17 9.53E-15 1.S3E-14 
0.000107 2.0SE-05 3.55E-05 
9.77E-G5 2.40E-Q5 4.22E-05 
1.545-07 1.372-05 0.000241 
2.15E-13 7.S2E-13 1.33E-11 
0.000147 0.00011 0 .001933
2.49E-G3 1 .852-07 3 .242-05  
2.53E-09 2 .242-07  3.95E-03 
1.322-05 0.000109 0 .001909
2.522-07 2 .172-05 0 .000332  
0 0.003007 0.000113 0 .00199  
0 3.492-05 7 .152-07  1 .252-05 
0 2.472-05 5 .032-07 1 .072-05 
0 5.292-05 0.000139 0 .002437
13.9537 243.334 15.1007 233.073
0.00325 0.035404 0.015551 0.273651 
0 1.742-10 5 .292-10 1.112-03 
0 5 .212-10 9 .152-09
1.522-07 0 0
1.522-07 5 .002-10 1.052-03 
1.202-05 2 .912-05 5 .122-05  
2.472-05 8.242-07 1 .452-05 
3.572-05 2.412-05 4 .232-05  
4.1524D9 3.022-07 5 .312 -05  
3.532-13 2 .202-12 3.372-11 
0.025259 0 .000912 0 .015023
0 0.000214 4.152435 7 .322-05  
0 3.492-05 7 .152-07 1 .252-05 
0 0.000295 0 .001233 0 .022545  
0 1.522-07 5.072-09 8.922-OS 
0 0 2 .542-09 4 ,472-03
0 0.000323 2 .152-05 0 .000377  
0 1.502-19 1.252-17 2 .202-13  
0 3.952-05 8 .092-03 1 .422-05  
0 0.000349 7 .052-05 0 .00 0 1 2 4  
0 0.000599 1.412-05 0 .000243
2 7 lS S te
0
0
0
0
0
0
0
0
0
Chimney
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
430
0
0
0
0
0
0
0
0
0
c
0
0
0
0
0
0
0
0
0
0
0
lmpacts.xls
Sample Impact Assessment Spreadsheet
(a) Hydrcc g 
(a) Hydrcc g 
(a) Hydrog g 
(a) Hydrog g 
(a) Hydrog g 
(a) Hydrog g 
(a) Iodine g 
(a) Iron (F g 
(a) Lantna g 
(a) Lead { g 
(a) Magne g 
(a) Manga g 
(a) Merca g 
(a) Mercur g 
(a) Metals g 
(a) Media g 
(a) Metna g 
(a) MclyOd g 
(a) Nickel g 
(a) Nitrcge g 
(a) Nitrous g 
(a) Organ! g 
(a) Particu g 
(a) Fentan g 
(a) Phenol g 
(a) Phcsp g 
(a) Pnoso g 
(a) Poiycy g 
(a) Potass g 
(a) Propan g 
(a) Propio g 
(a)Prcpio g 
(a) Propyl g 
(a) Scandi g 
(a)Seleni g 
(a) Silicon g 
(a) Scdiu g 
(a)Strcnti g 
(a) Sulpnu g 
(a) Tars (u g 
(a)Thalliu g 
(a)Thoriu g 
(a) Tin (Sn g 
(a) Titaniu g 
(a)Tcluen g 
(a) Uraniu g 
(a) Vanad! g 
(a) Xylene g 
(a) Zinc (Z g 
(a) Zirooni g 
(ar) Lead ( k3q 
(ar) Polcni k3q 
(arj Pctas kSq 
(ar) Radio k=q 
(ar) Radiu kSq 
(ar) Radiu kSq 
(ar) Radiu kSq 
(ar) Radiu kSq 
(ar) Rado kSq 
(ar) Tncriu k3q 
(ar) Thcriu kSq 
(ar) Urani k3q 
(s) Alumin g 
(s) Arseni g 
(s)C adm i g 
(s) Caiciu g 
(s) C arton  g 
(s) Cnrcmi g 
(s) Cotait g 
(s) Capper g 
(s) Iron (F g 
(s) Lead ( g 
(s) Manga g 
(s) Mercur g 
(s) Nickel g 
(s) Nitrcge g 
(s) Cils (u g 
(s)P n csp  g 
(s) Sulpnu g 
(s) Zinc (Z g 
(w) Acids ( g 
(w) Alcoho g 
(w) Aldeny g 
(w) Alkane g 
(w) Alkene g
0.313021 0 0.001258
0.880002 0.4 0
5 .7 7 2 4 9 0 0
0.202154 0.0015 0
0.059734 0 0
0.003251 0 0
0.000101 0 0
0.008704 0 0
5.705-05 0 0
0.000225 0 0
0.007446 0 0
5 .1 7 = 4 5 0 0
1 .5 2 = 4 7 0 0
5.535 4 5 0 0
4 .2 3 = 4 7 0 0
1.37215 0 0.000279
0.000495 0 0
2 .4 6 5 4 5 0 0
0.000705 0 0
9.20942 0 .432 0.000722
0.005148 0 8 .5 2 5 4 5
0.00015 0 7.115-05
31.3057 0.054 10.5704
0.00333 0 0
1.135-10 0 0
0.000133 0 0
1 .2 7 5 4 7 0 0
1 .235 4 5 0 0
0.002573 0 0
0.012112 0 0
4.055-11 0 0
7.125-10 0 0
0.001302 0 0
2 .2 7 5 4 5 0, 0
5 .3 1 5 4 5 0 0
0.031341 0 0
0.002039 0 0
0.000415 0 0
5.37455 0 .095 10.000931
5 .935 4 9 0 0
2 .0 3 = 4 5 0 0
4 .2 9 = 4 5 0 0
1 .3 4 = 4 5 0 0
0.000744 0 0
0.00037 0 0
4 .1 5 = 4 5 0 0
0.002735 0 0
0.000394 0 0
0.000171 0 0
3 .1 8 = 4 5 0 0 .
9 .7 1 = 4 5 0 0
1 .1 0 = 4 7 0 0
1.53= 43 0 0
7 .7 3 = 4 7 0 0
2 .5 9 = 4 7 0 0
0.000203 0 0
7 .7 7 = 4 5 0 0
S. 4 1 2 4 9 0 0
0.000923 0 0
7 .1 2 = 4 9 0 0
4 .5 3= 49 0 0
1 .29243 0 0
0.000639 0 0
2 .5 5 = 4 7 G 0
1.155-10 0 0
0.002554 0 0 .
0.001917 0 0
3 .2 0= 45 0 0
1.172-10 0 0
5.375-10 0 0
0.001277 0 0
2 .5 3 5 4 9 0 0
2 .5 5 5 4 5 0 0
2.135-11 0 0
8.315-10 0 0
1 .00543 0 0
3 .7 9 5 4 5 0 0
3 .2 0 5 4 5 0 0
0.CC03S3 0 0
9 .5 0 5 4 5 0 0
0.012341 0.0123 0
5 .5 9 5 4 5 0 0
4 .0 0 5 4 9 0 0
0,000343 0 0
3 .2 1 5 4 5 0 0
0 0.073325 0.132791 0.005559 0.099483 
0 0 0.473359 S.1CS-05 0.001072
0 9.933-10 2.573-10 4.523-09 
0 0.002S4Z 0 005441 0.095559 
0 0.00011 0.000198 0.003475
0 8.905-05 0.000175 0.003077 
0 5 5 9 5 4 3  5.435-06 9.54E-CS 
0 0.00014 0.000451 0.003104
0 4.305-09 3.505-07 6.335-05 
0 4 305-05 9.842-05 0.000173 
Q 4=15-05 Q.0CO4 0.007041 
0 1 .30547  2 .7 8 5 4 5  4 .3 8 = 4 5  
0 1 .5 2 5 4 7  G 0
0 1.742-07 3 45FU17 fi nsp.ns
0 0 1 .55547 1 .3 8 5 4 3 2 .4 3 = 4 7 0
0 0.03929 0.75402 0.055393 0.932701 0
0 0 0.0G03S4 7 .0 7 2 4 5 0.000124 0
0 0 1 .20545 6 .7 7 2 4 7 1 .1 9 5 4 5 0
0 0 0.000487 1 .1 8 = 4 5 0.000207 0
0 0.022124 0.4S2SC1 0.031853 0.550117 0
0 0.001505 0.001293 0.000175 0.003037 0
0 7 .9 9 5 4 5 2.535 4 5 1 .9 3 5 4 5 3.395  4 5 0
0 0.555139 17.9017 0.085434 1.50295 0
0 0 0.001754 0.000114 0.002002 0
0 0 1.555-12 5.005-12 1.055-10 0
0 0 1 .21547 1 .0 1 = 4 5 0.000173 0
0 0 8.195-11 5 .3 5 5 4 9 1 .2 0 5 4 7 0
0 0 5 .0 2 5 4 7 5 .5 4 2 4 7 1 .1 7= 45 0
0 0 2 .0 1 5 4 5 0.000133 0.002433 0
0 0 0.005223 0.000317 0.005563 0
0 0 5.945-13 2.155-12 3.735-11 0
0 0 7.125-10 0 0 0
0 0 7 .0 5 5 4 5 5 .5 3 5 4 5 0.001165 0
0 0 1 .45549 1 .2 2 5 4 7 2 .1 5 5 4 5 0
0 0 9 .0 5 5 4 5 2 .3 7 5 4 5 4 .1 5 5 4 5 0
0 0 2.055 4 5 0.001712 0.030103 0
0 0 0.000553 7 .9 5 5 4 5 0.001397 0
0 0 2 .5 7 5 4 7 2 .2 4 2 4 5 0.000393 0
0 0.017057 1.15077 0.074255 1.305=4 0
0 0 2.435-11 3.205-10 5 .5 3 = 4 9 0
0 0 1 .3 4 5 4 9 1 .1 2 = 4 7 1.975-05 0
0 0 2 .7 5 5 4 9 2 .3 0 5 4 7 4 .0 5 5 4 5 0
0 0 8.515-10 7 .2 0 = 4 3 1 .2 7 5 4 5 0
0 0 4 .7 9 5 4 7 4 .0 0 5 4 5 0.000704 0
0 0 0.000233 3 .4 0 5 4 5 0.000593 0
0 0 2 .5 7 5 4 9 2 .2 4 2 4 7 3.935 4 5 0
0 0 0.001948 4 .2 4 2 4 5 0.000745 0
0 0 0.00014 1 .3 7 = 4 5 0.000241 0
0 0 3 .0 2 5 4 5 7 .5 7 5 4 5 0.000133 0
0 0 2 .0 5 5 4 9 1 .7 1 2 4 7 3 .0 1 5 4 5 0
0 0 5 .0 3 5 4 3 5 .2 2 5 4 5 9 .1 3 5 4 5 0
0 0 1 .1 0 5 4 7 0 0 0
0 0 1 .53543 0 0 0
0 0 4.975-10 4 .1 5 = 4 3 7 .3 1 5 4 7 0
0 0 2 .5 9 5 4 7 0 0 0
0 0 0.000203 0 0 0
0 0 1 .55543 4 .1 8 = 4 5 7 .3 5 5 4 5 0
0 0 8 .4 1 2 4 9 0 0 0
0 0 4 .5 3 5 4 7 4 .9 7 = 4 5 0.000873 0
0 0 7 .1 2 5 4 9 0 0 0
0 0 4 .5 3 5 4 9 0 0 0
0 0 1 .2 9543 0 0 0
0 0 9 .3 5 5 4 5 3 .3 9 5 4 5 0.000595 0
0 0 3 .7 4 2 4 9 1 .3 5 5 4 8 2 .3 5 5 4 7 0
0 0 1.655-12 6.135-12 1.035-10 0
0 0 3.74= 45 0.000135 0.002351 0
0 0 2 .8 1 5 4 5 0.000102 0.001733 0
0 0 4 .53543 1.705-07 2 .935 4 5 0
0 0 1.725-12 6.225-12 1.095-10 0
0 0 8.555-12 3.115-11 5.475-10 0
0 0 1 .37545 5 .7 7 5 4 5 0.00119 0
0 0 3.935-11 1.425-10 2.505 4 9 0
0 0 3 .7 4 2 4 7 1.355 4 5 2.335  4 5 0
0 0 3.125-13 1.135-12 1.985-11 0
0 0 1.295-11 4.575-11 8.215-10 0
0 0 1.475-10 5.315-10 9.335 4 9 0
0 0 5 .5 5 5 4 3 2 .0 1 5 4 7 3 .5 4 2 4 5 0
0 0 4 .5 3 5 4 7 1 .7 0 = 4 5 2.955 4 5 0
0 0 5 .5 1 5 4 5 2 .0 3 5 4 5 0.000357 0
0 0 1 .4 1 5 4 7 5 .0 9 5 4 7 8 .9 5 5 4 5  '* 0
0 0 6.245C 7 2.195-05 3 .3 5 5 4 5 0
0 0 0 3 .0 5 5 4 7 5 .3 8 5 4 5 0
0 0 4 .0 0 5 4 9 0 0 0
0 0 13.000245 5 .3 5 5 4 5 9 .4 0 5 4 5 00 0 2.30 5 4 5 4 .9 3 5 4 7 3 .575 4 5 0
0
0
0
0.0959
0.055
0
0
0
0
0
0
0
0
0
0
0
0
0
0
7.57
0
0
0.415
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2.72
C
0
0
0
0
0
0
0
0
0
0
0
0
c
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
c
0
0
0
0
0
0
0
0
0
0
0
lmpacts.xls
Sample Impact Assessment Spreadsheet
(w) Alumi g 0.001641 0 0 0
(w) Alumi g 9 94S-03 0 0 0
(w) Ammo g 0.002473 0 0 0
(w) AOX ( g 4 .855-06 0 0 0
(w) Aroma g 0.00142 0 0 0
(w) Arseni g 3 .055-05 0 0 0
(w) Bariu g 0.006626 0 0 0
(w) Baryte g 0.009061 0 0 0
(w) Senze g 0.000343 0 0 0
(w) 3 0 0 5  g 0.000357 0 7.115-07 0 7.
(w) Bcr.c g 0.000116 0 0 0
(w) Boron g 4 3 5 5 -0 5 0 0 0
(w) Cad.mi g 1.205-03 0 0 0
(w) Caiciu g 0.037331 0 0 0
(w) Carttc g 0.000102 0 0 0
(w) Ceriu g 1.915-05 0 0 0(w) Cesiu g 7.095-07 0 0 0(w) Chlori g 25.1231 0 0 0(w) Chlori g 0.001441 0 0 0(w) Chloro g 1.545-09 0 0 0(w) Chrom g 6.715-05 0 0 0(w) Chrom g 9.155-03 0 0 0(w) Chrom g 1.255-10 0 0 0(w) C otait g 4.155-07 0 0 0(w) CCO ( g 0.002671 0 2.135-06 0 2.M  Coppe g 5 .335-05 0 C 0(w) Cyanid g 0.000165 0 0 0(w) Cisscl g 0.117239 0 0.001509 0 0.1(w) Dissol g 0.00051 0 0 0(w) Edeîic g 1 .965-07 0 0 0(w) Bthylt g 5.315-05 0 0 0(w) Fluorid g 0.000403 0 0 0(w) Formai g 1.9=5-11 c 0 0(w) Hexac g 2.735-15 0 0 0(w) Hydra g 9.035-03 0 0 0(w) Hydro g 0.001501 0.0016 0 0(w) Hypcc g 5.305-09 0 0 0(w) Hypoc g 5.305-09 0 0 0(w) Inorga g 0.018394 0.0112 0 0(w) Iode (1 g 0.000253 0 0 0(w) Iron (F g 0.002023 0 0 0(w) Lead ( g 5.425-05 0 0 0(w) Lithiu g 1.015-03 0 0 0(w) Magne g 0.002302 0 0 0(w) Manga g 0 .0004 0 0 0(w) Mercur g 1.145-03 0 0 0(w) Metals g 0.003235 0.0015 0 0(w) Metha g 0.000255 0 0 0(w) Methyl g 4 4 3 5 -0 5 0 0 0(w) Moiyt g 7.465-06 0 0 0(w) M crth g 9.565-07 0 0 0
(w) Nickel g 1.875-05 0 0 0(w) Nitrate g 0.000404 0 0 0(w) Nitrites g 1.155-07 0 0 0(w)Nitrog g 4 0 2 5 -0 5 0 0 0(w)Nitrcg g 0.001473 0 0 0(w) Oils (u g 0.014957 0.0112 2.025-05 0 o.c(w) Organi g 1.625-07 0 0 0(w) Organi g 0.006406 0.0054 0 0(w) Oxalic g 3.935-07 0 0 0(w) Pneno g 0.000487 0.00016 Q 0(w) Phcsp g 4 9 5 5 -0 3 0 0 0
(w)P.nosp g 1.115-05 0 0 0(w) Phcsp  g 3.305-05 0 0 0(w) Pctycy g 3.54E-0S 0 0 0
(w) Potass g 0.011783 0 0 0 ■M  Rutidi g 2.635-05 0 0 . .0(w) Salts ( g 0.002311 0 0 0(w) Sapon g 0.012312 0 0 0
(w) Seleni g 6.645-05 0 0 0(w) Siliccn g 1.595-05 0 0 0(w) Silver ( g 1.585-03 0 0 0(w) Sodiu g 0.910313 0 0 0(w) Strcnti g 0.016294 0 0 0(w) Sulph g 1.92531 0 0 0(w)Sulphi g 4 2 3 5 -0 5 0 0 0
(w)Sulphi g 2.375-07 0 0 0(w) Sulph g 5.955-09 0 c 0(w) S u sse  g 0.354052 0.0123 2.305-05 0 o.c(w )Tars( g 8.545-11 0 0 0
(w) Tetrac g 5.635-12 0 0 0
(w)Tin(S g 2.175-03 0 0 0(w) Titaniu g 2.015-05 0 0 0
(w )TCC( g 0.024549 0 0 Q
(w) Tcluen g 0.00029 0 0 0
6.S0E4S
0
0.C007Sa
3.52E-CS
O.OCOSSS
3.055-07
0.004755
0.000133
0.C0024S
0.000235
0
3.115-05 
6.525-07 
0.031555
0
1.SI 5-06 
0
23.5S09
2.115-05
2.255-11
9.335-03 
4.535-05
1.355-12 
6.075-09 
0.001802 
2.735-06
4.355-06 
0.013023 
7.4S5-06
0
4.505-05 
6.905-05 
2.375-13 
3.995-17
0
1.855-07
6.305-09
5.305-09 
0.007132 
0.000191 
0.000259 
1.025-05
0
0.001595
0.000103
7.955-09 
0.001576
0
6.435-03
7.955-07 
0
6.255-05 
0.000163 
1.695-09
0
0.001072
0.001477
1.625-07
1.795-07
0
0.000234
5.505-03
7.955-05 
2.4.Î5-09 
2.495-05 
0.003457 
1.915-05 
0.000451 
0.009344
7.955-07
2.335-03 
1.155-05 
0.519321 
0.011504
1.59334
3.115-05 
1.125-10
1.305-09 
0.312039 
3.405-13 
9.755-14
0
2.445-07
0.012533
0.000207
8.485-05
5.355-09 
9.025-05
7.205-03 
2.285-05
1.215-07 
9 .855-05
0.00048
5 .355-06 
3 .415-06 
5.235-06
6 .535-07 
2.895-03 
0.001387 
5 .515-06
0
3.825-08 
0.077345 
7 .645-05 
8.195-11 
3 .555-07
2 .435-07
6 .595-12
2.205-03
4.535-05 
1.675-07 
8 .635-05 
0.004321 
2 .705-05 
1 .065-08 
9 .245-07
1.825-05
1.045-12 
1.455-16 
4 .365-09
3 .215-08 
0 
0
5 .995-07
3.335-05 
9 .445-05 
3 .405-06
5 .435-10 
6 .495-05 
1 .575-05 
1 .885-10
5 .425-07
1.435-05
2 .355-07
3 .595-07
5.145-03 
6 .715-07 
1 .305-05
6.115-09 
2 .165-05 
2 .155-05 
0.000103
0
3 .335-07
2 .115-08
5 .045-06
2.535-07
1 .535-07
2 .045-07 
5 .545-07 
0.000179 
3.325-07 
0.000127 
0.000187
3 .145-07
8.425-08 
2 .295-08
0.01555
0.000252
0.012255
5.335-07 
1 .275-03 
2.505-10 
0 .002094
4.535-12
3.535-13 
1.175-09 
1.075-06 
0.000639 
4.475-05
0.001492
9.405-08 
0 .001585 
1 .275-06
0.0004
2.135-06 
0.001732 
0.008447 
9.415-05 
5.995-05
0.00011
1.175-05
5 .085-07
0.024339
9.685-05
0
6.715-07
1.35935
0.001343
1.445-09
6.255-05
4.285-05
1.185-10
3 .375-07 
0.000797
2.945-05 
0.000153 
0.075957 
0 .000475 
1 .855-07 
1 .525-05 
0 .000319 
1.835-11
2.545-15
8.545-03
5.555-07 
0 
0
1.055-05 
5 .735-05
0.00166
5.985-05
9.555-09 
0 .001142 
0.000275
3.305-09
9 .535-06 
0.000251
4.135-05
6.305-05
9 .045-07
1.135-05 
0 .000223 
1 .075-07 
3 .315-05 
0 .000379 
0 .001813
0
5 .945-05
3 .725-07
8 .375-05 
4 .635-03 
2 .965-06 
3 .595-05 
9 .925-05 
0 .003147
5.725-06 
0.002233 
0.003231
5 .535-05 
1 .435-06 
4 .035-07  
0 .275334 
0.004433 
0.215939 
1 .115-05 
2 .245-07
4.405-09 
0.035323
8.045-11 
5 .215-12
2 .055-03 
1 .385-05 
0 .011227  
7 .865-05
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
0 0
c 0
0 0
0 0
c 0
0 0
G 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
0 0
0 G
0 0
0 0
0 0
0 c
0 0
0 0
0 0
0 0
c 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 c
0 0
0 0
Impacts, xts
Sample Im.oac: Assessment Spreadshe*
(w) TnPuty g 
(w) Tncnlo g 
(w) Tnchio g 
(w) Tfiethy g 
(w) Vanad g 
(w )V O C ( g 
(w) W ater litre 
(w) Water: litre 
(w) Xylene g 
(w) Zinc ( g 
(wr) Radio kSq 
(wr) Radiu kSq 
(wr) Radiu kSq 
(wr) Raciu kSq 
(wr) Thori kSq 
G lass kg 
Reccvere kg 
Recdvere kg 
Reccvere kg 
W aste  (ha kg 
W aste  (in kg 
W aste  (m kg 
W aste  (tct kg 
W aste  (un kg 
W aste: Hi kg 
W aste: Int kg 
W aste: Lo kg 
W aste: Mi kg 
W aste: Mi kg 
W aste; No kg 
W aste: No kg 
W aste: Ra kg 
W aste: SI kg 
W aste: Tr kg
CML-AIr A Total g eq. Hi- 
(a) Sulphu g eq. H+
(a) Nitrcge g eq. H*- 
(a) Ammo g eq. Hi- 
(a) Hydrog g eq. H i  
(a) Hydrog g eq. H i 
(a) Hydrog g eq. H*
CML-Aqu Tctal 1e3m 3 
(w) Arseni 1 e3 m3 
(w) S enze 1e3 m3 
(w) Cadmi 1 e3 m3 
(w) Sthylb 1e3 m3 
(w) Chloro 1 e3 m3 
Cw) Trichio 1e3 m3 
(w)Hexac 1e3 m3 
(w) Trichio 1e3 m3 
(w) Tetrac 1e3 m3 
(w) Chrom 1 e3 m3 
(w) Chrom 1 e3 m3 
(w) Chrom 1 e3 m3
CML-Depl Total frac, of reserve 
(r) Oil (ih frac, of reserve 
(r) Natural frac, of reserve 
(r) Uraniu frac, of reserve 
(r) Copper frac, of re ser/e  
(r) Lead ( frac, of reserve 
(r) Nickel ( frac, of resen/e 
(r) Zinc (Z frac, of reseive 
(r) Bauxite frac, of re ser/e  
(r) Iron (F frac, of reserve 
(r) Manga frac, of reserve 
(r) Silver ( frac, cf reserve 
(r) Ccal (in frac, of reserve
CML-Cepl Total g eq. CFC-t 1 
(a) Halcn g eq. CFC-11
CML-Cepl Tctal g eq. CFC-11 
(a)H alon g eq. CFC-11
C.ML-Eutr Total g eq. P04 
(a) Nitrcge g eq. P 0 4  
(w) Ammo g eq. PQ c 
(w) Phosp  g eq. P 0 4  
(w) COO ( g eq. P 0 4  
fw) Nitrcg g eq. P 0 4  
(w) Nitrate g eq. P 0 <
(w) Nitrcg g eq. P 0 4  
(a) Nitrous g eq. P 0 4
3 725-06 0 0 0
1.505-11 0 0 0
4 1 3 5 -1 0 0 0 0
0.00051 0 0 0
2.235-0= 0 0 0
0.000917 0 0 0
0.141391 0 0 0
0 379336 0 0 0
0.002473 0 0 ■ 0
3.395-05 0 0 0
7.125-09 0 0 0
0.000131 0 0 0
0.027435 0 0 0
0.000263 0 0 0
0.000525 0 c 0
1 0 0 0
0.000263 0 0 0
0.000231 0 0 0
2.335-05 0 0 0
400 5 -0 5 0 0 0
1.975-05 0 0 0
7.435-05 6.405-05 0 0
0.31 = 144 0 000763 0.01452 0
0.252455 1.505-05 0.01432 0
2.515-07 0 0 0
1.925-05 0 0 0
3.655-03 0 0 0
0.053302 0.0005=5 0 0
0.021372 0 0 0
0.002375 0 0 0
3.215-06 3.205-05 0 0
2.555-06 0 0 0
0.005345 9.505-05 0 0
0.001191 0 0 0
0.395533 1.245432 4 495-05 0
32 0.157955 0.003 2.915-:= 0
46 0.20020= 9.395-03 1.575-05 0
17 1.835-02 0 1.395-07 0
36.5 5.54E-03 4.235-05 0 0
20 0.002939 0 c 0
17 1.925-04 0 0 0
2.635-04 0 0 0
0.2 6.15-07 0 0 0
0.029 1.015-05 0 0 0
200 0.00024 0 0 0
0.023 1.455-05 0 0 0
0.17 2.635-10 0 0 0
0.0023 4 2 1 5 -1 4 0 0 0
0 .14 3.325-16 0 0 0
0.046 1.905-11 0 0 0
0.02 1.335-13 0 0 0
1 6.715-03 0 0 0
1 9.155-05 0 0 0
1 1.255-10 0 0 0
/
2 .3 5 = 1 1 4  
1 .3= 114  
1 .3 4 E H 0  
6.1=111 
1.2EH1 
1.1 E m  
3 .3 E i1 1  
2 .5 E H 3  
1EH4
S E H 2
4.2E iO a
2.S8E115
2.035-15 
1.3SE-1S 
1.S5E-15 
2.305-15
3.035-20 
1.275-1S 
2.555-20
1.035-21 
4655-13
4.125-13
1.125-21 
5.735-13 
5.155-17
1.315-15
1.7S5-13
1.315-15 
0 
0 
0 
0 
0
45 7 5 -1 3
0
0
0
5.735-19
7.335-19 
5.425-19
1.335-19 
0 
0 
0
0
0
0
0
0
E-223.5c
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.C535S1
0.055591
0
0
0
0
0
0
0
0
0
0
1.025-03
0.000533
4315-04
1.575-05
0
0
2.205-13 
5.055-12 
7.455-03 
7.965-07 
0.000559 
0 021349 
0.34971 
0.0018 
9.725-05 
4575-12  
9.575-05 
0 000191 
0.000191 
0.000333 
0
2.025-05
2.025-05 
0
1.925-05
1.175-05 
4.315-05 
0.155053 
0.1434S3
0
0
1.175-05 
0.013215
0
0.002374
7.995-09
1.355435
0.000412
0
6.595-02
0.035274
1.075-02
1.835-02
9.715-05
5.525-35
5.245-07
0 1.455-04 
0 1.615-07 
0 7.225-03 
0 0.000132 
0 1.055-05 
3.555-12 
5.155-15 
5.595-13 
Z7S5-13 
1.955-15 
9.335-03 
4.535-03 
1.5=5-12
3.595-17
6.745-13
2.915-17
0
0
0
0
0
0
0
0
0
1.445.20
1.7=5-15
9.775-17
6.535-17
5.255-20
1.135-21
1.875-21
4.345-22
1.555-23 
5.035-20 
5.305-19
1.545-23
3.475-21
9.555-13
2.005-07
7.975-13
2.195-11
2.705-05
1.185-06
1 345-05
0 0 0 6 4 3 3  
0.001597 
3.625-05 
1.465-06
3.835-10 
1.915-06 
0.001459 
3 .825-05 
7.6=5-05
0
1.315-05
1.305-05
1.255-07
1.125-05
4 3 4 5 4 3 7
1.075-06 
0.00355= 
0.001215 
1.355-03
1.035-07 
1.345-05 
0.002122
0.001 IS 
9.145-03 
2.845-10
3.725-03 
0.000314 
5.415435 
3.135-03 
0.00232
6.935-04 
1.335-06 
1.495-04
9.835-05
1.035-05
6.535-05
2.425-03
1.555-07
5.785-05
2.125-08 
1.395-11 
2.235-15 
2.025-17
1.015-12
7.075-15 
3.565-07 
2.435-07 
6.595-12
3.015-17 
1.735-18 
1.365-17 
1.245-17 
426 5 -2 1  
6.765-21
1.575-21
5.725-23 
1.855-21
1.935-19 
5.9=5-23
3.075-20 
2.225-18
3.525-06 
1.405-11 
3.855-10 
0.000475 
2.085-05 
0.000235 
0.113109 
00 23073  
0.000637 
2.575-05 
6.735-09 
3.355-0= 
0.025325 
6.725-05
0.000134
0
0.00023
0.000223
2.215-06
1.935-05
7 .5 4 5 -0 5
1.885-05
0.064257
0.021372
2.335-07 
1.325-06
2.335-05 
0.037309 
0.020222 
1.515-05 
4 9 9 5 -0 9
6.545-07 
0.005523 
0.001127 
5.605-02 
0.040793 
1.225-02 
2.435-05 
2.625-03 
0.000174 
1.815-04
1.155-04
4 2 5 5 -0 7
2.735436
0.000102
3.745-07
2 .4 5 5 -1 0
3.925-14
3.555-15
1.775-11
1.245-13 
5.255-06 
4 2 3 5 -0 6  
1.185-10
5.305-13
3.045-17
2.385-15
2.175-15
7.495-20
1.195-19
2.765-20
1.015-21
3.245-20
3.395-13 
1.055-21
5.395-19 
3.915-17
9.41543= 0 0 0
17.2 9.415-05 0 0 0
5.475-05 0 0 0
10 5.475-05 0 0 0
1.200595 0.05515 0.000117 0
0.13 1.197225 0.05315 9 395-05 0
0.42 0.001039 0 0 0
3.06 3.395-05 0 0 0
0.022 5.335-05 0 4595-05 0
0.42 1.695-05 . 0 0 ■ 0
0 .095 3.845-05 0 G 0
0.42 0.000319 0 0 0
0.27 0.00163 0 2.35-05 0
0 6.325-0= 1.395-05 2 .455-05 
0 6.825-05 1.395-05 2.455-05
0 3.955-0= 8.095-07 1.425-05 
0 3.955-0= 8 .095-07 1.425-0=
0.003233 6.535-02 
0 .0 0 :3 7 5  0.054033 
0 0.00033= 
0
5.275-07
0
0
0
2.445-05
3.955-03
0
1.5=5-05
0.00045
0.000407 0.000349
4 2 4 5 -0 3
0.004142
3.795-05
5.155-07
9.935-07
9.095-07
1.235-05
9.055-06
4.745-05
0.074543
0.072315
0.000=65
9.055-05
1.755-05
1.55-05
2.175-05
0.0001=9
0.000334
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
G 0
0 0
0 0
0 0
3 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0.257137
0 0.035
0 0.155739
0 0
0 2.535-03
0. 0.0023
0 0
0 0
0 0
c 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 b
0 0
0 0.9971
0 0.9971
0 0
0 0
0 0
0 0
0 0
0 0
0 0
lmpacts.xls
Sample Impact Assessment Spreacsneet
(w) Nitntes g eq. P 0 4  
(w) P ncsp  g eq. P 0 4
CML-Eutr Total g eq. P 0 4  
(w) Ammo g eq. P 0 4  
(w) Phosp  g eq. P 0 4  
(w) CCO ( g eq. P 0 4  
(w) Nitrcg g eq. PC 4 
(w) Nitrate g eq. P 0 4  
(w) Nitrcg g eq. PC 4 
(w) Nitntes g eq. P 0 4  
(w) P hcsp  g eq. P 0 4
CML-Hum Total g 
(w) Arseni g 
(a) Arseni g 
(s) Arseni g 
(a) Ammo g 
(a) Barium g 
(a) Senze g 
(a) Benzo( g 
(a) Bromiu g 
(a)C acm i g 
(a )C arco  g 
(a) Coppe g 
(a) Ethylb g 
(a) Iron (P g 
(a) Lead ( g 
(a) Manga g 
(a) Mercur g 
(a) MolyPd g 
(a) Nitrcge g 
(a) Phenol g 
(a) Sulphu g 
(a) Tin (Sn g 
(a) Tcluen g 
(a) Vanadi g 
(a) Zinc (Z g 
(s) Cadmi g 
(s) Cosalt g 
(s) Copper g 
(s) Lead ( g 
(s) Mercur g 
(s) Nickel g 
(s) Zinc (Z g 
(w) Ammo g 
(w) Bariu g 
(w) Senze g 
(w) Cadmi g 
(a) Nickel g 
(w) Edetic g 
(a) Cyanid g 
(a) riucrid g  '
(w) Fiuond g 
(a) Hydrog g 
(w) Sulp.hi g 
(w) Ethylb g 
(a) Xylene g 
(w) Xylene g 
(a) Heptan g 
(w) Methyl g 
(w) Chloro g 
(w) Trichio g 
(w) Tetrac g 
(w) Chrom g 
(w) Chrom g 
(w) Cobalt g 
(w) Coppe g 
(w) Iron (F g 
(w) Lead ( g 
(w) Mercur g 
(w) Moiyb g 
(w) Nickel g 
(w) Tin (S g 
M  Zinc ( g
CML-Terr Total t 
(s) Arseni t 
(s) Cadmi t 
(s) Cobalt t 
(s) Copper t 
(s) Lead ( t 
(s) Mercur t 
(s) Nickel t 
(s) Zinc (Z t
0.13 1.55-08 0 0
1.336 5 .075-06 0 0
0.00181 0 4.695-08
0.42 0.001039 0 0
3.06 3.395-05 0 0
0.022 5.885-05 0 4.695-08
0.42 1.895-05 0 0
0.095 3.845-05 0 0
0 42 0.000619 0 0
0.13 1.55-08 0 0
1.335 5.075-05 0 0
1.4
14.63923
4.275-06
0.452544
0
0.001683
0
4700 0.255573 0 0
0.043 1.15-03 0 0
0.021 0.006713 0 4.985-03
1.7 0.000433 0 0
3.9 0 .00254 0 0
17 5.375-05 0 0
0.033 1.335-05 0 0
580 0.02039 0 0
0.012 0.004398 0.000334 1.425-05
0.24 1.955-05 0 0
1.5 7.235-05 0 0
0.042 0.000356 0 0
160 0.033132 0 0
120 0.006203 0 0
120 0.000739 0 0
3.3 8 .115-05 0 0
0.73 7.183343 0.33695 0.000563
0.Ô5 6.34E-11 0 0
1.2 6.44946 0.1152 0.001113
0.017 2.235-03 0 0
0.029 3 .395-05 0 0
120 0.328271 0 0
0.033 5.635-06 0 0
7 8.095-10 0 0
0.065 7.525-12 0 0
0.0052 3.055-12 0 0
0.025 S.715-11 0 0
0.15 3.195-12 0 0
0.014 1.235-11 0 0
0.007 S.72S-08 0 0
0.0017 4.25-06 0 0
0.14 0.000923 0 0
0.66 0.00023 0 0
2.9 3.435-06 0 0
470 0.331375 0 0
0.0011 2.165-10 0 0
0.37 3.765-05 0 0
0.43 1.235-07 0 0
0.041 1.675-05 0 0
0.73 0.002344 0 0
0.0033 7.825-10 0 0
0.021 1.335-05 0 0
2.2 0.000358 0 0
0.29 0.000717 0 0
1.5 0.000769 0 0
0.043 2.135-07 . 0 0
0.095 1.475-10 0 0
0.0053 2.195-12 0 0
0.13 1.205-12 0 0
0.57 3.335-03 0 0
4100 5.175-07 0 0
2 8.295-07 0 0
0.02 1.175-07 0 0
0.0036 7.235-05 0 0
0.75 5.075-03 0 0
4.7 5.385-03 0 0
0.29 2.155-05 0 0
0.014 2.625-07 0 0
0.0014 3.045-11 0 0
0.0029 1.075-07 0 0
3.5
2.595-05
9.25-07
0
0
0
0
13 1.55-09 0 0
0.42 4.925-11 0 0
0.77 4.525-10 0 0
0.43 1.155-09 0 0
29 5.175-10 0 0
1.7 1.505-09 0 0
2.6 2.55-05 0 0
0 2.1SE-10 7.94E-10 
0 3.2SE-09 2.73E-Q7
S.27E-07 8.555-04 
0 0.000335 
0 2.445-05 
5 .275-07 3.955-05 
0 0 
0 1.555-05 
0 0.CC04S
0 2.195-10 
0 3.255-09
5.095-05 
3 795-05 
5.155-07 
9.985-07
9.095-07 
1.225-05 
9 065-05 
7.945-10 
2 .735-07
1.45-08
4.85-05
0.000894
0.000556
9.065-06
1.755-05
1.65-05
2.175-05
0.000159
1.45-08
4.85-05
0 0.037765 2.317093 0.139037 2.444513 0 9.24660 0 1.135-06 1.695-07 2.935-06 0 00 0 0.045909 0.011283 0.198381 0 00 0 1.615-10 5.825-10 1.025-03 0
0 5.595-07 0.CC57Q3 4.94E-07 8.685-06 0 00 0 2.35-07 2.335-05 0.00041 0 00 0 0.000572 0.000429 0.007539 0 0
0 0 4 235-07 3.145-06 5.525-05 0 0
0 0 8.535-09 7.165-07 1.255-05 0 0
0 0 0.014632 0.000353 0.005204 0 0
0 3.95-05 0.000437 0.00019 0.003344 0 0
0 0 8.325-05 5.775-07 1.015-05 0 0
0 0 5.245-05 1.075-06 1.395-05 0 0
0 0 5.375-03 1.945-05 0.00034 0 0
0 0 0.006332 0 .001574 0.027676 0 00 0 1.535-05 0.000333 0.005859 0 00 0 2.095-05 4.145-05 0.000727 0 00 0 3.965-05 2.235-06 3.935-05 0 0
0 0.017257 0.334229 0.024849 0.436891 0 5.93250 0 9.235-13 3.365-12 5.915-11 0 0
0 0.020453 1.392924 0.039107 1.565643 0 3.234
0 0 1.435-11 1.225-09 2.155-08 0 0
0 0 9.235<36 1.335-06 2.335-05 0 0
0 0 0.233785 0.005035 0.039401 0 0
0 0 9.935-07 2.55-07 4.395-06 0 0
0 0 1.135-11 4.295-11 7.545-10 0 0
0 0 1.125-13 4.045-13 7.105-12 0 0
0 0 4.475-14 1.625-13 2.845-12 0 0
0 0 9.325-13 3.565-12 6.255-11 0 0
0 0 4.685-14 1.695-13 2.935-12 0 00 0 1.815-13 6.545-13 1.155-11 0 0
0 0 9.845-10 3.555-09 6.275-03 0 0
0 0 1.365-06 1.535-07 2.75-06 0 0
0 0 0.000571 1.335-05 0.000243 0 0
0 0 0.000134 3.535-06 6.215-05 0 0
0 0 1.925-05 8.385-03 1.475-03 0 0
0 0 0.223929 0.00553 0 .097218 . 0 0
0 0 0 1.165-11 2 .045-10 0 0
0 0 2.735-09 2.025-07 3 .555-06 0 0
0 0 7.765-03 2.445-09 4.235-03 0 0
0 0 Z 335C 5 7.445-07 1.315-05 0 0
0 0 6.955-06 0.000137 0.0024 0 0
0 0 3.395-13 4.215-11 7.405-10 0 0
0 0 9.555-07 1.945-03 3.415-07 0 0
0 0 0.000308 3.015-05 0.00053 0 0
0 0 0.000522 1.055-05 0.000185 0 0
0 0 0.000559 1.135-05 0.000199 0 0
0 0 3.115-09 1.135-03 1 .985-07 0 0
0 0 2.155-12 7 .785-12 1.375-10 0 0
0 0 3.215-14 1.165-13 2.045-12 0 00 0 1.755-14 6.355-14 1.125-12 0 0
0 0 5.65-03 2.035-07 3.575-06 0 00 0 7.575-09 2.745-08 4 .325-07 0 0
0 0 1.215-03 4.45-03 7.735-07 0 0
0 0 5.465-03 3.345-09 5.375-03 0 0
0 0 9.635-07 3.45-07 5.935-03 0 0
0 0 8.045-07 2 6 9 5 -0 6 4.725-05 0 0
0 0 3.745-03 8.325-10 1.555-03 0 0
0 0 2.315-07 1.045-07 1.335-06 0 0
0 0 8.755-03 9.395-09 1.655-07 0 0
0 0 0 1.545-12 2.335-11 0 0
0 0 2.825-03 4.255-09 7.475-03 0 0
0 0 3.795-07 1.375-06 2.415-05 0 0
0 0 1.355-03 4.335-08 8.575-07 0 0
0 0 2.205-11 7.975-11 1.45-09 0 0
0 0 7.215-13 2.615-12 4.595-11 0 0
0 0 6.315-12 2.405-11 4.215-10 0 0
0 0 1.695-11 6.125-11 1.035-09 0 0
0 0 9.04E-12 3.275-11 5.765-10 0 0
0 0 2.195-11 7.945-11 1.405-09 0 0
0 0 3.655-07 1.325-06 2.335-05 0 0
lmpacts.xls
Sample impact Assessment Spreadsheet
CVCH-AIr Total m3
(a) Particu m3 
(a) Carso m3 
(a) Ammo m3 
(a) Nitrcge m3 
(a) Hydrcg m3 
(a) Sulphu m3 
(a) Chlcnn m3 
(a) Fiusnn m3 
(a) Hydrog m3 
(a) Meroa m3 
(a) Hydrog m3 
(a) Hydrcc m3 
(a) Metha m3 
(a) Hydrcc m3 
(a) Organi m3 
(a) Lead ( m3 
(a) Mercur m3 
(a) Cadmi m3
CVCH-Wa Tctal litre
(w) Suspe litre 
(w) Lead ( litre 
(w) Cadmi litre 
(w) Iron (P litre 
M  Coppe litre 
(wj Mercur litre 
(w) Ammo litre 
(w) Chlori litre 
(w) Cyanid litre 
(w) Piucnd litre 
(w) Sulpni litre 
(w) Dissol litre 
(w) CCO ( litre 
(w)=CC5 litre 
M  Sapcn litre
5c(R)-Cep Tctal
(r) Oil (in 
(r) Natural 
(r) Ccal (in 
M Ifcn (P 
(r) Zinc (Z 
(r) Lead ( 
(r) Sauxite 
(r) Copper 
(r) Manga 
(r) Nickel ( 
(r) Silver ( 
(r) Uraniu 
(rj Lignite
frac, of resen/e 
frac, of resen/e 
frac, cf resen/e 
frac, cf resen/e 
frac, of resen/e 
frac, cf reserve 
frac, of resen/e 
frac, cf reserve 
frac, cf resen/e 
frac, cf resen/e 
frac, of reserve 
frac, of resen/e 
frac, cf reserve 
frac, of resen/e
Sc(.R'Y)-0 Tctal frac, of resen/e'1 
(r) Oil (in frac, cf reserve"! 
(r) Natural frac, cf resen/e 
(r) Ccal (in frac, cf reserve 
(r) Sauxite frac, of resen/e 
(r) Ccpper frac, of resen/e 
(r) Iron (P frac, of reserve 
(rj Lead ( frac, of reserve 
(r) Manga frac, of reserve 
(.') Nickel { frac, cf resen/e 
(rj Silver ( frac, of resen/e 
(r) Uraniu frac, of resen/e 
(r) Zinc (Z frac, of resen/e 
(r) Lignite frac, of resen/e
5c(V)-Cep Tctal kg/yr
(t) Oil (in kg/yr 
(r) Natural kg/yr 
(r) Coal (in kg/yr 
(r) Iron (P kghyr 
O') Zinc (Z kg/yr 
(r) Lead ( kg/yr 
(r) Bauxite kg/>/r 
(r) Copper kg/yr 
(r) Manga kg.'yr 
(r) Nickel ( kg/yr 
(r) Silver ( kg/yr 
(r) Uraniu kg/yr 
(r) Lignite kg/yr
Eco-indica Tctal millipoints
(a) Acetcn millipoints
0.00007 
0.008 
0.0005 
0.00003 
0 0001 
0.00003 
0.00002 
0.0001 
0.00005 
0.00001 
0.00015 
0.015 
0.015 
0.015 
0.00001 
0.000001 
7 5 4 7  
1 5 4 8
1089450 
<47224.3 
128158.8 
639 343 
3 0 6 9 8 0 7
2021.54
1 7 9 1 5 1 7
0.008644
0.000472
1195.672
0.016175
21.7394
58.6558
124.312
20.36807
14.968
225.827
S.39S1S7
3501.64
22716 35 152543 7 
914.2257 152434 3
4130
0
14400
15
0
0
0
0
0
26.55657
0
0
0
0
0
0
53.511 
0.004742 
24.0752 
0
3200 31.04313 
0 
0 
0 
0 
0 
0
0.015301 
0 083238 
0.71136 
0 
0 
0
3 .935  4 3  
75 0.000443 
66 3 .2 5 5 4 3  
2 .3 0 5 4 4  
1 .7 3 5 4 6  
7 .585.12 
3.565-10 
5 .0 7 5 4 7  
7.905-10 
8.195-12 
2.725-11 
3.105-12 
7 .4 8 5 4 9  
1 .2 0 5 4 7
663
231
47
43
257
62
685
120
30
412
635
2.585  4 3  
5 .6 9 5 4 6  
2 .5 7 5 4 3  
2 .5 9 5 4 6  
0 
0 
0
4 .9 2 5 4 7
0
0
0
0
0
0
2 .1 1 5 4 3
1 .7 3545
3 .8 5 5 4 7
1 .60549
0
0
0
0
0
0
0
0
0
0
/ 49.39243 0.64 0.000237 00.02 18.2025 0.64 0.00013 00.0005 0.123394 0 0 00.0001 0.011993 0 0 00.002 1.011725 0 0 00.0005 0.01167 0 0 0
0.00001 0.001145 0 0 0
0.001 2.47313 0 0 01 25.1231 0 0 00.0001 1.65642 0 0 00.01 0.040635 0 0 00.0001 0.423262 0 0 00.01 0.050931 0 0 00.03 3.90=42 0 7.11 E-05 00.02 0.017533 0 3.53E^5 00.02 0.64053 0 0 0
/ 2.03E-C6 1.31 £-06 7.35E.1Q 0239000 1.3SE-G7 1.79=49 5.42E-10 0130000 1.65E46 1.30=43 1.95E-10 02950000 5.15S-G8 5.7SE-10 3.55E-13 0100000 4.12E-09 0 0 0330 1.03 E-12 0 0 0120 1.27E-10 0 0 023000 4.36E-C9 4.57E-G9 0 0
610 a.02=.11 0 0 05000 1.12E-12 0 0 0110 2.SSE-11 0 0 00.42 5.73E-10 0 0 013.41 2.30=47 0 0 0
2950000 2.S7E.11 0 0 0
• 2.77=42 0.019337 1.02=45 00.0557 0.00135 2.33E-05 7.22E^6 00.117 0.025131 0.019344 2.S7E-C3 00.000504 T.73E45 8.69E-07 5.33E-10 00.139 1.31E45 1.78=45 0 026.3 1.29E45 0 0 00.0433 1.73E-05 0 0 0194 297=46 0 0 00.292 1.54E49 0 0 073.03 2.42E-07 0 0 0
79400 1.S2E-C5 0 0 0181 0.000558 0 0 064.9 2.3 IE-08 0 0 00.000504 4.01 E-oa 0 0 0
12583.35
9516.271
1745.463
0.053251
737.47
0
568.5533
0
0
0
0
0
0
2.619327
4.9217
7.98912
0
0
0
1.595-02
0.01459
0
0
0
0
0
0
0
0
0
0
0
7 .9 9 5 4 4
0.000399
0
3 .5 3 5 4 8
5 .7 4 5 4 9
2 .9 1 5 4 3
1.445-11
0
0
0
0
0
0
0
0
0
0
345135.3 
255738.5
31048 
638 416
15420.03 
35.435
38592.33
0.008037
0
2.20776
0.016175
5 .94= 42
31.9245
52.93467
8.852733
2.53203
43.0133
0.243459
2471.09
41.14294 
15.60195 
0.002033 
0.005325 
0.134403 
0.005464 
0.000796 
0.757504 
23.5905 
0.043527 
0.005505 
0.31061 
0.000746 
6.01 E 4 2  
0.014231 
0.467181
1 .75= 47
S.77S43
5.67E 48
9.5SE49
5.3S-10
1.53E-14
1.S7E-12
s .o s E -n
1.18E-12
1.645-14
4.34E-13
8.47E-12
5.2SE-11
4.62E-13
5.32E-Q4 2 .32E 43  
8 .9 5 E 4 5  0.001301 
0 .000442 0.001014 
2 .1 5 E 4 3  1 .44= 45
1 .93E 47
1 .89S 48
2 .3E 45
4.34= 48
2.40E-11
3 .53E 49
2.S2E 47
1 .52E 47
3.33E-10
6.94S-10
7 .S 8 E 4 5  4.Ô6E44 
2 .1 5 E 4 5  0.000311 
5 .7 2 E 4 5  1 .31E 44  
5 .4 3 = 4 3  4 .29E 45  
0 2 .30E 47
1.11E-13
5.21E-12
5.54=.C3
1.15E-11
1.20E-13
3.93E-13
1.19E-13
2.C4=.12
2 .0 7= 49
6905.964
1221.201
2012.588
0 0 4 7 0 2 3
1061.93
54,414
2475.19
3 S 4 5
2 .5 4 E 4 5
3.95362
0
1.16674
4 .0 6 E 4 3
3.725227
0.377241
0.192959
9.83834
0.492295
60.3422
0.435561
0.10472
0.0038
0.000285
0.047214
0.000334
1 .8S E 45
0.090175
0.077345
0.0863
0.001315
0.006332
0.002703
1 .S 1E 43
0.00017
0.009332
3.01 E 4 3  
1 .7 3 E 4 9  
1 .3 5 E 4 8  
2 .2 2 = 4 9  
1.93E-10 
5.72E-14 
6.76E-12 
1.85E-12 
4.26S-12 
S.9SE-14 
1.57E-12 
3.07E-11 
1 .2 4 E 4 8  
1.41 £-12
2 .6 4 = 0 4
2 .3 E 4 5
0.000206
3 .3 4 E 4 6
7 .1 8 = 4 9
6 .8 3 = 4 3
8 .3 6 E 4 7
1 .5 7 E 4 7
8.68E-11
1 .3 1 E 4 8
1 .0 2 = 4 6
3 E 4 5
1 .2 3 E 4 9
2 .1 2 E 4 9
4 .2 2 E 4 5  
5.51 E 4 6  
2 .6 7 E 4 5  
9 .9 5 E 4 3  
8 .3 6 E 4 8  
4.02E-13 
1.39E-11
2.01 E-10 
4.19E-11 
4.34E-13 
1.44E-12 
4.29E-13 
4.02E-10 
5 .3 2 E 4 9
121418 7 
21470.86 
35384.75 
0.82675 
18670.57 
956.691 
43518 
0.000527 
0.000447 
69.5115 
0
20.51327 
7 .1 5 = 4 2  
65.5134 
6 632553 
3.39254 
172.975 
3.6554 
1059.71
7.657398
1.841145
0.119553
0.005079
0.33011
0.005372
0.00033
1.53545
1.35956
1.52609
0.031915
0.11132
0.047531
0.026574
0.002993
0.164063
5 .2 9 = 4 7  
3 .0 4 E 4 3  
2 .3 3 = 4 7  
3 .9 1 = 4 8  
3.39E-C9 
1.01 E-12 
1.19E-10 
3.24E-11 
7.49S-11
1.C5E-12 
2.76E-11 
5.39E-10 
2 .1 7 E 4 7  
2.4SE-11
4 .6 5 = 4 3  
0.000405 
0.003621 
5 .3 7 E 4 5  
1 .2 S E 4 7  
1 .2 E 4 S  
1 .4 7 E 4 5  
2 .7 7 E 4 S  
1 .S 3 E 4 9  
2.3 IE -07 
1 .3 E 4 5  
0.000527 
2 .1 5 = 4 5  
3.73E-08
7 .4 2 = 4 4
9.53E-05
4.69E-04
1 .7 5 E 4 4
1.47E-05
7.05E-12
3.32E-10
3 .5 3 E 4 9
7.37E-10
7.33E-12
2.53E-11
7.55E-12
7 .0 7 E 4 9
1 .1 1 E 4 7 *
0 4030909
0 5923.571
0 53750
0 0
0 255536.7
0 959
0 S0665 67
0 0
0 0
G 1120
0 0
0 0
0 0
c 0
0 0
0 0
c 0
0 0
0 0
0 0
0 0
c 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
0 0
0 c
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
4.31513 0.C32S52 0.564353 
0.015501 2 .2 5 E 4 6  0 0 0 4.58E-02 1.821775 5.22E-02 0 .917143- 
0 0 1.66E-C6 3 .2 4 E 4 8  5 .6 9 E 4 7  •
0 1.332233 
0 . 0
Impactsxls
Sam ple Impact A ssessm ent Spreadsheet
(a) Acetyle millipoints 
(a) Ammo millipoints 
(a) Arseni millipoints 
(a) Senze millipoints 
(a) Benzo( millipoints 
(a) Cacmi millipoints 
(a) Carpo millipoints 
(a) Kydroc millipoints 
(a) Ethano millipoints 
(a) Ethyle millipoints 
(a) Ethylb millipoints 
(a) Formal millipoints 
(a) Halcn millipoints 
(a) Hydros millipoints 
(a) Hydros millipoints 
(a) Manga millipoints 
(a) Mercur millipoints 
(a) Metha millipoints 
(a) Nitrous millipoints 
(a) Nickel millipoints 
(a) Hydrcc 
(a) Nitroge i 
(a) Poiycy m.iilipcints 
(a) Pentan millipoints 
(a) Phencl millipoints 
(a) Lead ( millipoints 
(a) Prcpan millipoints 
(a) Propyl millipoints 
(a) Prcpio millipoints 
(a) Sulphu millipoints 
(a) Tars (u millipoints 
(a) Tcluen millipoints 
(w) Arseni millipoints 
(w) Sariu millipoints 
(w) Scfcn millipoints 
(w) Cadmi millipoints 
(w) Chrom millipoints 
(w) CCO ( millipoints 
(w) Coppe millipoints 
(w) Manga millipoints 
(w) Mercur millipoints 
(w) Mclyb millipoints 
(w) Ammo millipoints 
(w) Nickel millipoints 
(w) Lead ( millipoints 
(a) Particu millipoints 
(w) Phcsp millipoints
Ecopoints Total Ecopcint
(a) Nitrcge Ecopcint 
(a) Sulphu Ecopcint 
(a)CarPo Ecopoint 
(a) Hydros Ecopoint 
(a) Metha Ecopoint 
(a) Hydros Ecopoint 
(a) Hydros Ecopoint
Ecopoints Total Ecopcint
Waste (m Ecopoint
Ecopoints Total
(a) Nitrcge 
(a) Sulphu 
(a) Carso 
(a) Hydros 
(a) Metha 
(a) Hydrcc 
(a) Hydrog 
Waste (m 
(w) Dissol 
(w)CCO( 
(w) Phcsp 
(w) Chlori 
(w) Nitrate 
(w) Sulph 
(w) Ammo
Ecopoint
Ecopoint
Ecopoint
Ecopcint
Ecopcint
Ecopoint
Ecopcint
Ecopoint
Ecopoint
Ecopoint
Ecopoint
Ecopoint
Ecopoint
Ecopoint
Ecopcint
Ecopoint
0.01463
0.209565
40.36597
0.02555
317.4312
4604.052
0.000149
0.04475
0.023333
0.087062
0.010092
0.036561
1100.482
0.077876
0.141533
92.08103
92.08103 
0.002251 
0.040299 
403.6637 
0.035225 
0.078963 
917.4975 
0.035529 
0.066269
92.08103 
0.036574 
0.089694
0.05251
0.229845
0.010092
0.049027
92.08103 
2.762431
92.08103 
12.39134 
276.2431
0.00288
18.41621
920.8103 
0.460405 
1.841621 
0.055535 
12.89134 
46.04052 
0.052854 
0.400524
1.62E-05 
0.066993 
2.20E-03 
5.31E-05 
3.17E-03 
0.165821 
0.153032 
0.03933 
e.aoE-os 
0.00211 
4.37E-Q7 
2.65E-05 
6.02E-03 
0.015743 
0.008465 
4.76=4:3 
6.C6E-04 
0.004215 
2.43=434 
0.234867 
0.011339 
0.7272 
1.18=432 
0.000133 
7.5CE-12 
2.08E432 
0.000443 
1.17E434 
2.13E-12 
1.235315 
6.03 £-11 
4.26E-C5 
Z81E434 
1.83E-02 
4.00E-03 
1.55=4:3 
2.53E433 
7.39E42S 
1.07E434 
0.367989 
5.27=439 
1.37E435 
1.37E424 
2.41=434 
2.96E.03 
1.654535 
4.44E436
0
0
0
0
0
0
0 004967 
0.0179 
0 
0 
0 
0 
0
0.000125
0
0
0
0
0
0
0
0.034112
0
0
0
0
0
0
0
0.022065
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.003333
0
0
4 97=437 
0 
0 
0 
0
6.99E.C5 
0 
0 
0 
0 
0 
0 
0 
0 
. 0 
0
6.2SE-C7
3.44=4:5
0
4=3£4:5
S.7CC-C5
0
0
0
0
0
0
0
2.14=-C4
0
0
0
0
0
0
0
s.iSE-cg
0
0
0
0
0
0
0
0.563975
0
Ecopoints Total Ecopoint 
(w) Dissol Ecopoint 
(w) COO { Ecopoint 
(w) Phcsp Ecopoint 
(w) Chicri Ecopoint 
(w) Nitrate Ecopoint 
H  Sulph Ecopoint 
(w) Ammo Ecopoint
602.4664 27.48735 0.090799 0
42.3 339.5555 13.2736 0.030551 023 123.6147 2.208 0.021423 00.035 35.90972 1.19303 0.0*5531 0
14.3 12.58403 5.72 0 014.3 25.77217 0 0.00339 014.3 4.4762 0 0.017953 042.3 8.551114 0.06763 0 0
0.015505 0.001421 0 0
222 0.016505 0.001421 0 0
603.3391 27.46373 0.090307 042.3 389.5535 13.2735 0.030551 023 123.6147 2.203 0.021423 00.036 35.90972 1.19503 0.016551 014.3 12.53403 5.72 0 014.3 25.77217 0 0.00399 014.3 4.4752 0 0.017953 0
42.3 3.551114 0.05763 0 0
222 0.016505 0.001421 0 0
11.5 0.005863 0 0 0
3.83 0.010223 0 8.17E.05 0
755 0.008333 0 0 0
0.0252 0.658356 0 0 0
0905 0.000365 0 0 0
0.0765 0.147578 0 0 0
10.3 0.025473 0 0 0
0.853247 0 8.17E-C5 0
11.5 0.005353 0 0 0
3.33 0.010223 0 8.17E-03 0
756 0.008333 0 0 0
0.0262 0.653355 0 0 0
0.905 0.000366 c 0 0
0.0766 0.147573 0 0 0
10.3 0.025473 0 0 0
0
5.S3E-0S
0
0
0
0
0.002034
0
0
0
0
0
0
0
0
0
0
8.65E-05
6.07E435
0
0.002674
0.001747
0
0
0
0
0
0
0
0.00392
0
0
0
0
0
0
0
6.90=433
0
0
0
0
■0
0
0
0.035203
0
2.448402
0.935549
0.392309
0.502593
0
0.531343
1.055705
0
1.045.03 
0065395 
3.94S434 
3.90=436 
2.29E43S 
0.11377 
0.027074 
0.021429 
5.00=435 
2.55=435 
3.52=437 
1.15=435 
0.004353 
0.000275 
1.55=435 
1.19=435 
1.60=435 
0.001733 
5.21=435 
0.19652 
0.00481 
0.035597 
4.61=434
6.27=4:5
1.1CE-13
3.95=433
2.25=434
6.34=436
3.12E-14
0.255797
2.45E-13
1.17E435
7.41=435
1.32=432
2.86=433
8.54=-06
0.001275
5.19=435
5.02=435
0.099556
3.55=439
I.47E436 
4.43=435 
8.05=435 
4.59=435 
0.946179 
3.19=436
76.72757
20.33702
26.59771
8.941824
6.347527
II.35449 
1.395911
0.14959
8.70=437
492E436
9.69E435
2.92E436
1.69E434
2.80E433
0.002403
2.73E-05
9.72E433
1.12E-04
7.22E439 
7.87E437 
S.91E435 
0.000424 
2.80E435 
2.56E434 
3.17E435 
0.000125 
7.03E43S 
4.75E433 
2.05E434 
0.002516 
5.C3E434 
4.04S436 
3.98E-13 
9.06E434 
1.16=435 
5.94E436 
1.13E-13 
0.017057 
3.23E-12 
1.67=436 
1.11E-Q5 
2.72=434 
5.15E435 
3.72E437 
5.72E435 
1.31E437 
3.05=435 
1.44E-02 
8.54E-11 
6.60E437 
5.01 E436 
8.65=436 
1.57=434 
0.004513 
6.74E433
4.746332
1.347559
1.707331
0.579625
0.000872
0.799276
0.080918
0.230171
1.53E-05 
8.66E-0S 
1.7CE-03 
5.13E-05 
2.98E-03 
0.04925 
0.042252 
4.80E43S 
1.71 E-06 
0.001972 
1.27=437 
1.33E435 
1.57=433 
0.00745 
4.92E-Q4 
4.50E433 
5.53E434 
0.002212 
1.24E434 
0.053498 
0.003604 
0.044223 
1.07E432 
7.11 E-05 
5.93E-12 
1.59E-02
0.000204
1.C4E434
1.99E-12
0.300072
5.53E-11
2.93=435
1.95E-C4
4.79=433
1.06E433
6.55E435
1.15E-03
2.30E435
5.41E435
0.253374
1.52E-C9
.1.16E435
8.6=435
1.52E434
2.75=433
0.079433
1.15E-C6
33.44362
23.69295
30.02742
10.19031
0.015329
14.05252
1.422533
4.045503
0 0.01053 0.000237 0.004167 
0 0.01053 0.000237 0.004167
3.443493
0.935349
0.392309
0.502593
0
0.551346
1.C557C5 
0 
0 
0
9.13E-C5
0
0
0
0
0
77.51051 
20.33702 
25.69771 
8.941824 
5.347327 
11.35449 
1.393911 
0.14939 
0.01053 
8.53E-05 
0.005901 
0.005017 
0.520702 
0.000147 
0.130093 
0.003214
4.751039
1.347539
1.707381
0.579325
0.000372
0.799275
0.080913
0.230171
0.000237
0.000311
0.000174
0.000127
0.002026
1.17EC5
0.000941
0.000929
83.53225
23.69295
30.02742
10.19031
0.015329
14.05232
1.422633
4.046303
0.004167
0.005453
0.003053
0.002233
0.035523
0.000207
0.016545
0.01633
S.18E-05 0.77215 0.00452 0.079457
0 3.58E-C5 0.000311 0.005455 
9.1SE-C5 0.005901 0.000174 0.003053 
0 0.005017 0.000127 0.002238 
0 0.520702 0.002025 0.035623 
0 0.000147 1.17E-05 0.000207 
0 0.130093 0.000941 0.016545 
0 0.008214 0.000929 0.01633
0
0
0
0
0
0
0.064132
0
0
0
0
0
0
0.007453
0.007929
0
0
0
0
0
0
0.605643
0
0 
0 
0 
0
0.625179 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0.021934 
0
403.5376
324.441
62.55 
15.43
0
0
0
4.05657
0
0
406.5375
324.4C1
62.55
15.45
0
0
0
4.05657 
C 
0 
0 
0 
0 
0 
0 
0
0
0
0
0
0
0
0
0
lmpacts.xls
Sam ple impact A ssessm ent Spreadsheet
EPA-Maxi Toi
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
lal g 03 
Acetal g 03 
Carso g 03 
Metha g 03 
Ethane g 03 
Prcpan g 03 
Butane g 03 
Heptan g 03 
Ethyle g 03 
Propyl s 03 
Sutene g 03 
Sense g 03 
Tcluen g 03 
EthyiP g 03 
Acetyle g 03 
Metha g 03 
Ethano g 03 
Formal g 03 
Acetcn g 03 
Banzai g 03 
Phenol g 03 
Prcpio g 03
EPS-Air Tctal ELU 
(a) Metna ELU 
(a)Carpo ELU 
(a) CarPo ELU 
(a) Ethyle ELU 
(a) Nitrcge ELU 
(a) Nitrous ELU 
(a)Psi'ycy ELU 
(a) Sulphu ELU 
(a) Particu ELU 
(a) Arseni ELU 
(a) Cadmi ELU 
(a) Mercur ELU 
(a) Hydrcg ELU 
(a) Lead ( ELU
EPS-Meta Tctal ELU 
(r) Silver ( ELU 
(r) Bauxite ELU 
(r) Chrom! ELU 
(r) Copper ELU 
(r) Iron (F ELU 
(r) Manga ELU 
(r) Nickel ( ELU 
(r) Lead ( ELU 
(r)2inc(Z ELU 
(r) Uraniu ELU
EPS-Non Total ELU 
(f) Natural ELU 
(r) Oil (in ELU 
(r) Ccal (in ELU
EPS-Total Total ELU 
(a) Media ELU 
(a)CarPo ELU 
(a) Carpo ELU 
(a) Ethyle ELU 
(a) Nitrcge ELU 
(a) Nitrous ELU 
(a) Polycr/ ELU 
(a) Sulphu ELU 
(a) Particu ELU 
(a) Arseni ELU 
(a) Cadmi ELU 
(a) Mercur ELU 
(a) Hydrcg ELU 
(a) Lead ( ELU 
(r) Silver ( ELU 
(r) Bauxite ELU 
(r) Chrcmi ELU 
(r) Ccpper ELU 
(r) Iron (F ELU 
(r) Manga ELU 
(r) Nickel ( ELU 
(r) Lead ( ELU 
(r)Zinc(Z ELU 
(r) Uraniu ELU 
(r) Natural ELU 
(r) Oil (in ELU 
(r) Ccal (in ELU
6.322
0.061
0.016
0.299
0.577
1.2S5
I.045 
8.287
II.14 
10.63 
0.601 
3.154
3.11
0.567
0.527
1.622
7.009
0.4S3
-0.259
1.37
7.592
0.001553
6.3SE-0S
0.000191
0.003404
0.000395
0.020341
8.8
5.45E-05 
7. IE-06 
0.01 
0.0212 
0.17672 
0.000142 
0.2907
45000
0.164
33
57
0.63
3.6
40
240
49
1250
0.306299 0.001952 
0.000929 0
0.022345 0.001952
0.029955 
0.012513 
0.006989 
0.006413 
0.000502 
0.200782 
0.014504 
0 000515 
0.001316 
0.002744 
0.00015 
0.000627 
0.000311 
0.000473 
0.005057 
7.13E-05 
-3.82E-12 
1.55E-10 
3.0SE-10
7.27E-02
0.002916
0.055207
7E-05
а.25£-05 
0.003535 
0.000125 
0.000113 
0.000293 
0.000222 
5.44E-07 
7.64E-07 
1.16E-06 
4.62E-07
б.5SE-C5
0.004201
1.09E-05
Z14E-05
3.18E-07
2.79E-06
0.00023
2.02E-03
1.3E-07
3.S7E-05
1.74S-08
0.003562
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0002299 
0
0.002117
S.12E-CS
0
0.000171
0
0
5.23E-C5
4.54E-C7
0
0
0
0
0
2. IE-05 
0
2.1 E-05
.17E-G5
0
.21S-C6 
. 46E.C5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0 000103 
4.35E-C7 
2.S5S4]3 
2.2SE-05 
0
2.85E-07
1.73E-05
0
5.0ÔE-C3
7.53E-C5
0
0
0
0.131671 0.035105 7.76E-C5 
0.5 0.107397 0.034305 1.27E-G5 
0.5 0.016503 0.000213 5.43E-G5 
0.05 0.007572 8.62E-05 5.342-03
0.001553
6.35E-Q5
0.000191
0.003404
0.000395
0.020341
8.3
S.45E-05 
7. IE-06 
0.01 
0.0212 
0.17672 
0.000142 
0.2907 
45000 
0.164 
33 
57 
0.63 
3.6 
40 
240 
49
1250
0.5
0.5
0.05
0.203506
0.002915
0.055207
7E-05
8.2SE-05
0.003535
0.000125
0.000113
0.000293
0.000222
5.442-07
7.642437
1.15E-06
4.62E-07
6.56E-05
1.09E-05
2.142-05
3.1ÔE-C7
2.79S-05
0.00023
2.02E-03
1.3E-G7
3.67E-C6
1.742-03
0.003862
0.107397
0.016503
0.007572
0.057425
0
0.002117
6.12E-G5
0
0.000171
0
0
5.23E-03
4.542-07
0
0
0
0
0
0
2.1 E-05 
0 
0 
0 
0 
0 
0 
0 
0
0.C34S05
0.000213
3.63E-C5
1.86S-C4
4.35E-C7
2.93E-05
2.25S-03
0
2.35E-C7 
1.73 E-05 
0
5.0SE-C6 
7.53 E-05
0
0
0
0
1 27E-C5 
6 48240 
5,342-08
0 000327 
0
0 000193 
0.000529 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0.000995
6.12E-C5
0.000353
6.21E-C7
0
8.73E-05
3.C5E-C5
0
9.3E-07
4.73E-C5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3.835-02 
0.000577 
0 002221 
0.012704 
0.007553 
0.003593 
0.003774 
0.000365 
0.002451 
0.000737 
0.000373 
8.32E-C5 
0.000751 
0.000109 
4.03=47 
0.000223 
0.000347 
0.002252 
5.23=45 
-5.595-14 
2.27E-12 
4.512-12
1.75=42
0.001237
0.015797
6.95=45
1.01E46
0.000194
2.63=45
4.42E46
6.33=45
0.000127
9.77E43
5.24547
3.07=43
1.25=49
1.25=45
3.75=45 
1.5=47 
2.33=47 
4.65=49 
4.09=48 
3.61 E45 
2.95E-10 
1.91 E49 
5.37=43 
2.55E-10 
1.05E45
1.43=42 
1.36E45 
0.000967 
0.000894 
0.000273 
0.000183 
0.000142 
7.36=46 
0.010573 
0.000738 
7.64246 
6.61 E45 
0.000107 
2.23E45 
3.37E45 
4.43545 
6.75E46 
0.00015 
1.02E45 
-2.Q3E-13 
8.22E-12 
1.635-11
1.15E43
8.71E45
0.001024
3.03546
4.33E45
1.25E45
3.57E45
5.S5E46
4.05546
6.07E47
2.4243
1.29=43
6.09E43
2.4SE43
2.S6E45
2.23544
5.8E47
8.47E49
1.69E43
1.4SE47
1.31E45
1.07=49
6.92=49
1.95=47
9.255-10
0.000209
0.250903 
0.000239 
0.017 
0.015723 
0.004792 
0.003212 
0.002497 
0.00013 
0.187557 
0.012979 
0.000134 
0.001162 
0.001886 
3.91545 
0.000593 
7.8545 
0.000119 
0.002645 
1.8E45 
-3.56E-12 
1.455-10 
2.87E-10
2.C2E42 
0.001531 
0.018004 
5.33=45 
7.71 E45 
0.000221 
6.23=45 
0.000103 
7.12=45 
1.07=45 
4.22=47 
2.27=47 
1.07=46 
4.35=47 
5.03=45
0.003919
1.02=45
1.49=47
2.95=47
2.5=43
0.000231
1.35=43
1.22=47
3.42=45
1.63=43
0.003672
0 0.002597 0.017444 0.001413 0.02493
0 0.001359 0.004325 0.00083 0.015475
0 0.000303 0.01163 0.000207 0.003632
0 2.142-06 0.001423 0.000331 0.005324
3.69E43 
5.125-05 
0.CCCS33 
5.21E47 
0
5.73=45
3.05=45
0
9.3E-07
4.73E45
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.001339
0.000306
2.142-05
3.5CE42 
0.001237 
0.015797 
6.95=46 
1.01E45 
0.000194 
2.63=45 
4.42=45 
6.33E45 
0.000127 
9.77=43 
5.24E-07 
3.07=43 
1.25=49 
1.25E-05 
1.65-07 
2.33E-C7 
4.65=49 
4.09=43 
3.61=45 
2.95E-10 
1.91=49 
5.37E43 
2.S5E-10 
1.065-06 
0.004335 
0.01163 
0.001423
2.79=43 
8.71545 
0.001024 
3.03E46 
4.3SE46 
1.25E45 
3.57=45 
5.S5E45 
4.05=45 
6.07=47 
2.4243 
1.295-03 
6.09=43 
2.435 43 
2.36E-C5 
5.8E47 
8.475 49 
1.69E43 
1.48 547 
1.31E45 
1.07E49 
5.92=49 
1.95E47 
9.25E-10 
0.000209 
0.00033 
0.000207 
0.000331
4.90542 
0.001531 
0.018004 
5.33E45 
7.71=45 
0.000221 
6.23=45 
0.000103 
7.12=45 
1.07=45 
4.22=47 
2.27=47 
1.07E46 
4.355-07 
5.03=45 
1.02=45 
1.49=47 
2.93E47 
2.5=45 
0.000231 
1.33=43 
1.225-07 
3.42546 
1.63=43 
0.003572 
0.015475 
0.003532 
0.005324
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
0 
0 
0 
0 
0 
0
0.030527 
0
0.027343 
0 
0
0.003023 
0 
0
0.000143
2.95=43
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.030527
0
0.027343
0
0
0.003023
0
0
0.000143
2.95=45
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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Sample Impact A ssessm ent Spreadsheet
(w) Nitrcg ELU 
(w) Nitrcg ELU 
(w) Nitrate ELU 
(w) Ammo ELU 
(w) P h o sp  ELU 
(w) COO ( ELU 
(w) 3 0 D 5  ELU
E P S -W at Tctal ELU 
(w) 3 C 0 5  ELU 
(w) COO C ELU 
(w) P h o sp  ELU 
(w) Ammo ELU 
(w) Nitrate ELU 
(w) Nitrcg ELU 
(w) Nitrcg ELU
ETW-AirA Total g e q .  H+ 
(a) S ulphu g eq . H -  
(a) Hydrcg g eq. H * 
(a) N itrcge g eq . H * 
(a) Ammo g eq . H * 
(a) Hydrcg g eq . H -  
(a) Hydrcg g eq . H -
IP C C O re  Tctal g  eq . 0 0 2  
(a) C arpo  g e q .  C 0 2  
(a) M etha g  eq . C 0 2  
(a) Nitrous g eq . C 0 2  
(a) H alcn g eq . C 0 2  
(a) C arpo  g eq . C 0 2
IPCC-Gre Total g  eq . C 0 2  
(a) C arpo  g eq. C 0 2  
(a) M etha g eq. C 0 2  
(a) Nitrous g eq . C 0 2  
(a )H a lc n  g e q .  C 0 2  
(a) C arPo g eq . C 0 2
IPCC-Gre Tctal g  eq. C 0 2  
(a) C arPo g eq. C 0 2  
(a) M etha g eq. C 0 2  
(a) Nitrous g eq. C C 2  
(a) H alon g  eq . C 0 2  
(a) C arP c g eq. C 0 2
0 .00001 1 .4 7 E 4 8 0
0 .0 0 0 0 1 4 0 2 5 -1 0 0
2 .3 5 -0 6 9 .30E -10 0
7 .8 5 4 6 1 .9 3 E 4 8 0
0 .0 0 0 0 7 5 8 .32E -10 0
0 .0 0 0 0 0 6 1 .6 E 4 8 0
7 .5 5 4 6 2 .6 7 5  4 9 0
• 5 .4= = .03 0
7 .5 5 4 6 2 .6 7 5 4 9 0
0 .0 0 0 0 0 6 1 .5 5 4 8 0
0 .0 0 0 0 7 5 8 .3 2 5 -1 0 0
7 .8 = 4 6 1 .9 3 E 4 3 0
2 .3 E 4 6 9.3CE-10 0
0 .00001 4 .0 2 5 -1 0 0
0 .00001 1 .4 7 E 4 8 0
0
0
0
0
0
1 .2 3 S -n
5 .34E -12
1.31E-11
S .34= .12
1.23E-11
0
0
0
0
0
USES-A q Total
(a) A rseni 
(w) Arseni 
(s) Arseni 
(a) S e n z e  
(a) 3 enzo ( 
(a) C adm i 
(a) C oppe 
(a) Ethyle 
(3) L ead ( 
(a) M ercur 
(a) P hencl 
(a) Tcluen 
(a) V anadi 
(a) Zinc (Z 
(s) Cadm i 
(s) C odait 
(s) C cpper 
(s) L ead  ( 
(s) M ercur 
(s) Nickel 
(s) Zinc (Z 
(w) B enze  
(w) Cadm i 
M  Trichio 
(a) CcPalt 
(w) Methyl 
(a) Formal 
(w) Formal 
(a) Nickel 
(w) Tetrac 
(w) Trichio 
(w) Chloro 
(w) V anad 
(w) Zinc ( 
(w) Chrom  
(w) Chrom  
(w) Chrom
g  eq. 1 -4 -d tch lcr 
g  eq . 1 -4 -d ich icr 
g eq . 1 -4 .q icn ic r 
g eq. l-A -dichlor 
g  eq . 1 .4 -d ich lo r 
g eq . 1 -4 -d ich lcr 
g  eq . l-c -d ic h lo r  
g  eq. 1 -4< jich lar 
g  eq . 1 -4 .d icn ic r 
g  eq . I-A ^dichlor 
g eq . l-4 -d ic h lc r  
g  eq . l-4 -d ich lo r  
g  eq. 1 -4 -d ich lc r 
g  eq. 1-4 -d ich lo r 
g eq. 1 -4 -d ich lcr 
g  eq . 1 -4 -d ich lcr 
g eq . 1 -4 -d ich lcr 
g  eq. l - s -d ic h lo r  
g eq. i-4 -d ich Io r 
g  eq . l-4 -d ic h ic r  
g  eq . 1 -4 -d ich lcr 
g  eq . 1 -4 -d ich lc r 
g  eq. 1 -4 -d ich lcr 
g  eq. 1-4Hpichlcr 
g  eq. i-4 -q ic h lc r  
g  eq . 1 -4 -d ich lcr 
g  eq. i-4 -d ic h lc r  
g eq. 1 -4 -d ich lcr 
g eq. 1 -4 -d ich lcr 
g eq. 1 -4 -d ich lo r 
g eq. 1-4-d ichlor 
g eq . 1 -4 -d ich lcr 
g eq. 1 -4 -d ichlor 
g eq. 1 -4 -d ich lcr 
g eq . 1 -4 -d ichlor 
g eq . 1 -4 -d icn lcr 
g eq . 1 -4 -d ichlor 
g eq. i  -4 -d ich lo r
0  1 orS-G S 2 . 1 S E - 1 0  3 .79E -09  
0  0 2 .16E -11  3 31E -10
0 3 .75E -10 2 .99E -11  5 .2 5 5 -1 0  
0 6 .2 2 5 -0 9  7 .0 3 E -1 0  1.24E-08 
0 5 .9 7 5 -1 0  1.2SE-11 2 .2 2 5 -1 0  
1 4 4 5 -1 0  1 .035-08  2 .7 2 5 -1 0  4 .7 8 5 -0 9  
5 .99E -11  2 .1 3 5 -0 9  2 .5 5 5 -7 1  4 .4 9 5 -1 0
2.C 4E-10 3 0 9 5 -0 8  1 .2 8 5 -0 9  2 .255 -03  
5 995 -11  2 .135 -09  2 .5S 5 -11  4 4S=-iO  
1 .44E -10  1 ,055-08  2 .7 2 5 -1 0  4 ,785 -09  
0 5 .9 7 5 -1 0  1 .255 -11  2 .225 -10  
0  6 .2 2 5 -0 9  7 .0 3 E -1 0  1 .245-03  
0  3 .75E -10  2 .S9E -11 5 .2 5 5 -1 0  
0  0 2 .1 6 5 -1 1  3 .3 1 5 -1 0
0 1 .075 -03  2 .1 5 5 -1 0  3 .79E -09
I 0 .3 9 5 6 3 3 1 .2 4 5 4 2 4 .4 = 5 4 5 0
3 2 0 .1 5 7 9 5 5 0 .0 3 3 2 .9 1 5 4 5 0
3 6 .5 5 .5 4 S 4 3 4 .3 5 5  4 5 0 0
46 0 .2 0 0 2 0 5 9 .3 9 5 4 3 1 .5 7 5 4 5 0
17 1 .8 8 = 4 2 0 1 .3 9 5 4 7 0
20 0 .0 0 2 9 8 9 0 0 0
17 1 .9 2 5 4 4 0 0 0
• 10 3 6 .5 2 2 33 23 0 .500373 0
1 1025 .27 33 .23 0 .456038 0
21 3 9 .31578 0 0 .0 0 5 3 5 9 0
3 1 0 1 .9 0 5 8 2 4 0 0 .0 2 3 4 2 5 0
5 6 0 0 0 .0 3 0 6 2 3 0 0 0
6 5 0 0 7 .7 1 = 4 5 0 0 0
• 1 1 31 .867 33 .23 0 .507331 0
1 10 25 .27 33 .23 0 ,453088 0
56 104.8421 0 0 .015325 0
2 80 1 .72139 0 0 .023353 0
6 2 0 0 0 .0 3 3 9 0 5 0 0 0
4 4 0 0 5 .2 2 = 4 5 0 0 0
• 1033 .496 33 .23 0 .434393 0
1 1 0 25 .27 33 .23 0 .4 5 3 0 5 3 0
5.5 1 2 .1 6 9 1 7 0 0 .0 0 1 5 1 4 0
170 1 .045129 0 0.0144=1 0
2 2 0 0 0.012031 0 0 0
1 0 0 0 0 0 .0 0 0 1 1 9 0 0 0
- 0 .2 1 9 7 3 5 0 0 0
5 .6 0 .0 0 0 3 0 5 0 0 0
190 0 .0 0 0 5 3 0 0 0
3 = 4 8 7 .6 6 5 -1 5 0 0 0
0 .0 0 1 3 2 .3 5 5 4 5 0 0 0
3 2 0 0 .0 0 1 1 0 5 0 0 0
130 0 .0 0 4 6 3 2 0 0 0
2 .9 0 .0 0 0 2 3 6 0 0 0
0 .0 0 2 2 5 .3 3 5  4 5 0 0 0
1.2 0 .000271 0 0 0
1 6 0 0 0 0 .1 0 5 2 3 7 0 0 0
39 4 .4 1 5 4 9 0 0 0
0 .0 0 0 0 9 7 8 .4 4 E 4 3 0 0 0
11 0 .030091 0 0 0
2 .6 0 .0004Z 4 0 0 0
3 .9 = 4 5 4 .5 1 5 -1 6 0 0 0
6 .8 E 4 8 7 .9 7 5 -1 3 0 0 0
1 .4 5 -0 3 3 .2 1 5 -1 3 0 0 0
1 .8 E 4 9 4 .8 3 5 -1 3 0 ' 0 0
1 60 0 0 3 .4 1 5 4 7 0 0 0
5 .8 5 4 7 5 .1 1 5 -1 6 0 0 0
3 .9 E -0 3 3 .7 4 5 -1 3 0 0 0
1 0 .0 0 0 3 4 8  • 0 0 0
4 5 0 0 0 .0 0 5 3 9 7 0 0 0
0 .18 2 .7 0 5 -1 2 0 0 0
2 .6 0 .0 0 0 1 0 4 0 0 0
0 .021 9 .3 5 4 3 0 0 0
6.1 0 .004401 0 0 0
160 3 .1 3 5 -0 9 0 0 0
SO 0 .0 5 6 4 5 5 0 0 0
1.1 7 .335 -12 0 0 0
0 .1 6 6 .515-11 0 0 0
0 .7 1 .035 -09 0 0 0
3 30 0 .003653 0 0 0
0 .8 6 3 .1 8 5 4 5 0 0 0
8 4 0 .0 0 0 5 3 4 0 0 0
84 1 .065-03 0 0 0
84 0 .000753 0 0 0
1 .0 2 5 -0 3  6 .595 -02  
0 .0 0 0 5 3 3  0 .036274  
0  9.71 E-05
4 .3 1 5 -0 4
1 .5 7 5 -0 5
0
0
1.075 -02
1 .5 6 5 4 2
5 .5 2 5 4 6
5 .2 4 = 4 7
3 .1 3 5 4 3  
0 .0 0 2 3 2  
1 .4 9 E 4 4  
6 .9 3 = 4 4  
1 .3 8 5  4 6  
9 .8 8 5 4 3  
1 .0 3 = 4 5
5 .6 0 5  4 2  
0 .0 40793  
2 .6 2 5 -0 3  
1 .2 2 5 4 2  
2 .4 3 5 4 5
0 .0 0 0 1 7 4
1 .8 1 5 4 4
15 .2553  265 .4815  1 7 .3 2 9 3 5  304 .6793  
1 3 .9 6 3 7  243 .334  1 6 .1 0 0 7  233 .078
0 0 .0222  0 .0 0 0 4 5 3  0 .0 0 7 9 7
0  1 .1 3 = 4 6  4 .0 9 5 4 6  7 .1 8 5 4 5
13 .9 5 3 7  246.334
1 9 .2 6 0 4  338 .9626  
1 6 .1 0 0 7  283 .075
3 .1 3 0 0 3  5 5 .03125
0 0 .024579  0 .0 0 0 5 0 2  0 .0 0 3 3 2 4  
0 7 .6 4 E 4 7  2 .7 7 5 4 6  4 .S 6 E 4 5
1 4 .4 7 5 1 9  25 3 .7 7 3 7  1 5 .4 = 4 0 4  2 3 9 .9935  
1 3 .9 5 3 7  2 4 3 .334  1 5 .1 0 0 7  2 8 3 .073
0 .2 5 5 3 8 4  5 .15113  0 .3 6 3 3 0 7  6 .3 3 7 5 5 7
0 .2 5 6 1 0 2  0 .219349  0 .0 2 9 8 5 1  0 .5 2 4 3 3 5  
0 0 .006721 0 .0 0 0 1 7 8  0 .003131  
0 1 .7 4 E 4 5  6 .2 9 E 4 5  0 .000111
7 .2 3 5 4 2
5 .4 7 = 4 5
O.0CO153
1 .125 -15
1 .9 1 5 4 7
7 .9 7 = 4 6
0.003212
0 .000107
6 .5 1 5 4 7
5 .1 6 5 4 5
0 .002783
5.435-11 
2 .3 1 5 4 8
0.02143
7 .8 4 E 4 5
6 .505 -18
1 .175-19
1 .205-19
7 .075 -20  
4 .9 9 5 4 9
7 .435 -18  
5 .485 -15  
0 .000249  
0.002931 
3 .9 5 5 -1 4  
6 .4 3 5 4 5  
1 .3 6 5 4 9  
0 .001953  
4.595-11 
0 .036957
1 .075-13
9 .535 -13
1.535-11 
0 .000302  
8 .3 7 5 4 5  
8 .2 5 5 4 5  
1 .555 -10  
0 .000339
7 .9 1 = 4 3
1 .3 4 5 4 5
2 .3 5 4 5
4 .0 5 5 -1 6
1 .4 3 5 4 7
5 .9 5 4 5
7 .9 1 5 4 5
6 .9 8 5 4 6
2 .8 3 5 4 6
1 .1 8 5 4 5
0 .0 0 5 5 1 4
2 .3 4 E -1 0
3 .3 0 E 4 9
0 .0 0 0 4 5 6
1 .9 7 5 4 5
2 .3 9 5 -1 7
4 .2 3 E -1 9
4 .3 5 5 -1 9
2 .5 5 5 -1 9
1 .8 1 5 4 8
2 .7 1 5 -1 7
1 .9 9 5 -1 4
5 .3 5 5  4 6  
0 .0 0 0 1 3  
1 .4 3 5 -1 3  
2 .1 4 E 4 6  
4 .9 3 5 4 9  
0 .000131  
1 .5 6 5 -1 0  
0 .0 0 0 9 4 1  
3 .6 9 5 -1 3  
3 .5 1 5 -1 2  
5 .7 3 5 -1 1  
0 .0 0 0 4 5  
1 .2 6 5 -0 6  
2 .9 9 = 4 5  
5 .6 2 5 -1 0  
2 .0 4 = 4 5
0 .1 3 9 0 1 4
0 .0 0 0 2 3 6
0 .0 0 0 4 0 4
7 .14E -15  
2 .5 1 5 4 6  
0 .0 0 1 0 3 3  
0 .001391  
0 .0 0 0 1 2 3  
4 .9 8 5 4 5  
0 .0 0 0 2 0 3  
0 .0 9 6 9 4  
4 .1 2 = 4 9  
5 .8 5 4 3  
0 .0 0 8 1 9 5  
0 .0 0 0 3 4 6  
4 .2 0 5 -1 6  
7 .4 3 5 -1 8  
7 .6 3 5 -1 8  
4 .5 0 5 -1 3  
3 .1 8 5 4 7  
4 .7 6 5 -1 6  
3 .4 9 5 -1 3  
9.41 S 4 5  
0 .0 0 2 2 3 3  
2 .5 2 5 -1 2  
3 .7 7 5 4 5  
3 .6 7 5 4 3  
0 .0 0 2 3 0 2  
2 .9 2 5 4 9  
0 .0 1 6 5 4 8  
6 .3 3 5 -1 2  
6 .155 -11  
1 .0 1 5 4 9  
0 .0 0 7 9 0 5  
2 .2 1 5 4 5  
0 .0 0 0 5 2 5  
9 .8 8 5 -0 9  
0 .0 0 0 3 5 9
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
c 0
0 0
0 0
0 0
0 0
0 0.257167
0 0.055
0 2.63543
0 0.166739
0 0
0 0.0023
0 0
0 430
0 430
0 0
0 0
0 0
0 0
0 430
0 430
0 0
0 0
0 0
c 0
0 430
0 430
0 0
0 0
c 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
G 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
Impacts.xis
Sam ple Impact A ssessm ent S preacsheet
U SS S -H u to ta l  g  eq. l-A -dichlor * 4 7  5 3 4 4 5
(a )A m m o g e q .  1-4Hïichlor 1 6 5 . 1 1 4 7 3 4  
(a) Arseni g  eq. 1-4-qicnlor 4 2 0 0 0  zizsO SA ?
(a )B e n z e  g e q .  1-4-qicnior 2 9  0  0635
(a) S enzo ( g  eq. 1 -d < ich lo r 3 7 0 0  0 .0 1 2 7 7 9
(a) C adm i g  eq. 1-<Hdichlor 2 3 0 0 0  0^326377
(a) C oppe g e q .  1-4-dichlor 3 5 0  0 4 2 3 4 9 9
(a) L ead ( g  eq . 1-4-dichlor 6 7 0 0 0  i s  1 3 0 4 1
(a) M ercur g  eq . 1-4-dichlor 2 9 0 0 0  0 190742
(a) N itrcge g e q .  1-4-dichlor 0 .2 6  2 3 9 4 4 4 g
(a) P h en c l g  eq . 1-4-dichlor 2 .2  2 .4 = 5 - 1 0
(a) S u lphu  g e q .  1-4-dichlor 0 . 1 5  0 359 9 2 3
(a) Tcluen g eq . 1-4-d ichlor 0 .0 3 6  3 .13E -05
(a) V anadi g  eq . 1-4-d ichicr 4 9 OQ 1 3  4 3 4 3 9
(a) Zinc (Z g eq . 1 -4-dichlor 0 .6 3  O.OOO1 08
(s) A rseni g  eq . 1-4-dichlcr 6 7 0  0 .000171
(s )C a d m i g e q .  1-4-d ichlcr 2 0 0 0 0  2 .31E -06
(s) Cobalt g e q .  1-4-dichlor i= 0 0  1 J 6 E -0 7
(s) C cp p e r g  eq . 1-4-d ichlcr 3 0  l.V sE -o a
(s) L ead ( g  eq . 1-4-dichlor 3 5 0  9 .3 9 E -0 7
(s) M ercur g  eq. 1-4-d ichlcr 2 9 0 0 0  S .17E -07
(s) Nickel g  eq. 1-4-d ichlcr SOO 7 .0 5 5 -0 7
(s) Zinc (Z g  eq . 1 -4-dichlor 1 2  o.OO01 1 5
(w) Ammo g eq . 1-4-d ichlcr 1 7  0 .0 4 2 0 4 3
(w) Arseni g eq . 1-4-dichlcr 5 1  0  000 1 5 5
(w) S e n z e  g eq . 1-4-d ichlcr 2 2  0 .0 0 7 6 3 7
(w )C adm i g e q .  l-CH iichlcr 1 3 0  0 . 0 0 0 1 5 5
(w) Trichio g eq . 1 -4-dichlor 1 2 0 0  1 8 5 - 0 3
(a) C obalt g eq . 1-4-d ichlcr 7 8 0 0  0 .3 0 4 2 1 2
(w) Methyl g e q .  1-4H3ichlor 1 2  5 . 3 i 5 -qs
(a) Form al g  eq . 1-4-dichlor 0 .4 2  0 .0 0 0 3 0 3
(w) Form al g  eq. 1-4-dichlor 0 .3 5  6 .8 5 5 -1 2
(a) Nickel g  eq . 1-4-dichlor 5 5 0 0  6 .9 1 M 0 1
(w )T etrac g e q .  1-4-d ichlcr 3 7  2  4 6 5 -1 0
(w) Trichio g eq. 1 -4-d ichlcr 0 .1 1 4  5 =5 -1 1
(w) Chlore g e q .  1-4H3ichIor 3 2  4 ’94E -0a
(w) Cobalt g  eq . 1-4-dichlcr 3 1  V 2 9 5 -0 5
(w) C oppe g  eq . 1-4-diohlcr 1 .1  6 .4 2 5 -0 6
(w) L ead ( g e q .  1-4-dichlor 0 .0 2 6  1 .5 7 5 -0 6
(w) M ercur g  eq . 1 -4-d ichlcr 1 8 0 0 0  0 0 0 0 2 0 5
(w) Nickel g e q .  1-4-dich!cr 5 3  0 .0 0 1 1 7 9
(w) Tcluen g eq . 1-4-d ichlcr 0 .0 5 3  1 .5 4 5 -0 5
(w) V anad  g eq . 1-4-d ichlcr 1 9  0 .0 0 0 4 3 3
M  Zinc ( g e q .  1-4-dichlor 0 .0 5 3  2 .1 4 5 -0 3
(w )C h r c m g e q . 1-4^-ichlor 9 .3  6 .2 4 5 -0 5
(v y )C h rc m g e q . 1-4-dic.hIor 6 7 0 0 0  8 .4 5 5 -0 6
U SE S-T er Tctal g  eq . 1-4-d ichlcr *
(a) Arseni g e q .  1-4-d ichlcr 7 2 0 0 0  
(a) S e n z e  g eq . 1-4-d ichlcr 0 .0 6 3  
(a) Se.nzc( g  eq . 1-4-d ichlcr 5 4 0 0 0 0 0 0  
(a) C adm i g  eq . 1-4-dichlor 1.35-i-oa 
(a )C c p c e  g e q .  1-4 /2 ichIcr 9 1 0 0 0 0  
(a) 5thyla g  eq . 1-4-d ichlcr 1 7
(a) L ead  ( g eq . 1-4-d ichlcr 1 1 0 0 0
(a) M ercur g  eq . 1 -4-d ichlcr 1 3 0 0 0 0 0 0  
(2 ) P heno l g  eq . 1 -4-dichlor 1 1 0 0 0
(a) Tcluen g  eq . 1-4-dichlor 0 .0 3 5
(a) V anadi g  eq . 1 ^ -d ic h ic r  4 5 0 0 0 0
(a) Zinc (Z g eq . 1-4-d ichlcr 6 6 0 0 0 0
(s) A rseni g  eq . 1-4-dichlor 2 0 0 0 0 0  
(s) C adm i g eq . 1-4-d ichlcr 3.4E-H38 
(s) C cbait g eq . 1-4-d ichlcr 4 5 0 0 0  
(s) C cp p e r g  eq . 1 -4-dicnior 2 4 0 0 0 0 0  
(s) L ead ( g  eq . 1-4-d ichlcr 2 9 0 0 0
(s) M ercur g e q .  1-4-d ichlcr 1 7 0 0 0 0 0 0
(s) Nickel g e q .  1-4-dichlcr 5 2 0 0 0 0
(s) Zinc (Z g eq . 1 -4-dichlor 1 8 0 0 0 0 0
(w) Arseni g  eq. 1-4-d ichlcr 9 .7 5 -0 6
M  S e n z e  g eq . l-4 -d icn ic r 0 .0 3 9
(w) C adm i g eq . 1 -4-dichlor 0 .0 2 5
(w) Trichio g eq . 1 -4-dichlcr 2
(a) C cbait g eq. 1-4-dicnior 170 0 0
(w) Methyl g  eq. 1-4-dichlcr 0 .0 7 8
(a) Ferm ai g  eq . 1-4-dichlor 2 6 0 0
(w) Formal g eq . 1-4-dichlor 2 .5
(a) Nickel g eq. 1-4-d ichlcr 1 9 0 0 0 0
(w) Tetrac g e q .  1-4-dichlor n o
(w) Trichio g eq. 1-4-dicnior 0 . 0 2 4
(w) Chloro g eq . i-4 -d ich lo r 5 . 2
(w) C cbait g eq. 1-4-dichlcr 2 E -0 7
(wj C oppe g eq. 1-4-d;chlcr 0 .0 0 0 0 1
(w) L ead ( g  eq. 1-4-dichlcr 2 5 -0 7
(w) M ercur g eq . 1-4-dichlor 8 2 0 0 0 0 0
(w) Nickel g  eq. 1-4-dichlor 0 .0 0 0 0 3 1
566 0 .0 9 3  
3 .9 1 5 1 6 3  
0 .0 0 0 1 3 8  
22 1 .0 3 4 9  
4 5 8 2 .1 3 2  
74 .09721 
0 .4 1 1 8 8 5  
2 .4 8 4 0 9 7  
6 5 .5 0 5 0 3  
1 .2 4 5 -0 5  
3 .0 4 5 -0 5  
1 2 3 1 .0 1 6  
1 12 .599  
0 .0 5 1 0 8 7  
0 .0 3 9 2 9 3  
5 .27E -03
0 .0 0 1 4 0 3
7.73S-Q 5 
0 .0 0 0 3 3 2  
0 .0 0 0 4 5 3  
17 .2 7 9 4 2  
2.SSE-11 
1.35E-05 
3E-03 
3.01 E-11 
0 .6 3 0 4 7 4  
3 .45E -07  
1 .87604  
4.5E-11 
1 3 4 .0319  
7 .33E -10  
9 .92E -12  
8 .03E -09  
a.29E-14 
5.33E-11 
1 .23E-11 
0 .09385  
5 .30E -10
12753 0.000375 0
0 3.795-05 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
11232 0 000135 0
0 0 0
01535 0.000149 0
0 0 0
0 0 0
0 0 0
0 0 0
C 0 0
0 0 '0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
c 0 0
0 0 0
0 0 0
0 0 0
0 0 0
G 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
UQ 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0.008907
0.000426
0
0
0
0
0
0
0
0.0CS752
0
0.002729
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
23 .83122
5.107323
0 .410251
0 .004255
9.22E-C5
0.563351
0 .012856
2.881891
0 .005044
0 .128075
3.6SE-12
0 .135723
а.57£-C 3 
9 .5 46229
1.9E-05 
2.51E-C3 
3.38E-C3 
2.57E-G9 
2 .5SE-10 
1 .375 -03  
9 .0 4 5 -0 9  
1.03E-C3 
1.59E-C6 
0 .013553  
4.1 E-05
0.00543
8.S1E-05
2 .6 4 5 -1 0  
0 .187321 
7.78E-G7 
0 .0 00136  
1.0GE-13 
4 .7 73404  
3 .61S -12
б.35E-13
7 .245 -10  
1.88E -07  
3.01E-C3 
2.S5E-08 
0 .0 0 0 1 4 3  
0 .0 0 0 3 9 4
1.1E -05
1.51E -05
5 .6 4 5 -0 7  
9 .1 4 5 -0 7
1 .2 4 5 -0 7
1 .1 4 0 1 9 9  
0 .0 0 0 3 7 6  
0 .1 0 0 8 3  
0 .0 0 3 1 8 8  
0 .0 0 0 6 8 3  
0 .0 1 3 9 9 4  
0 .0 0 0 8 4 2  
0 .6 5 9 1 6 9  
0 .0 0 9 9 9 4  
0 .0 0 8 2 8 3  
1.32E -11 
0 .0 11881  
1.22E-Q 6 
0 .2 0 7 6 3 3  
4.77E-C 6 
9.08E-C 6 
1 .2 3 E -0 7  
9 .3 2 E -0 9  
9 .3 3 E -1 0  
4 .98E -03  
3 .2 7 5 -0 8  
3 .7 4 5 -0 5  
6.11 E-06 
0 .0 0 1 5 3 3  
5 .1 7 5 -0 6  
0 .0 0 0 1 1 8  
3 .7 6 E -0 6  
9 .5 6 5 -1 0  
0 .0 0 6 2 6 4  
2.82E-Q 6 
9 .0 2 E -0 6  
3 .6 3 E -1 3  
0 .1 1 5 2 9 5
1 .315 -11  
2 .4 1 5 -1 2  
2 .6 2 5 -0 9  
6 .3 2 E -0 7
1 .8 4 5 -0 7
8 .8 4 5 -0 5  
3 .3 5 5 -0 3  
4 .2 3 5 -0 5  
2 .3 7 5 -0 7  
2 .2 5 5 -0 5  
8 .49E -08
3 .3 1 5 -0 6  
4 .4 5 5 -0 7
2 0 .0 4 6 6 7  
0 0 0 6 6 1 4
I .7 7 2 7 6 5  
0 .0 5 6 0 5 8  
0 .0 1 2 0 0 4  
0 .2 4 6 0 3 3  
0 .014801
I I .5 3 9 3 3  
0 .1 7 5 7 0 5
0 1 4 = 5 3  
2 .3 2 5 -1 0  
0 .2 0 8 8 3 5
2 .1 5 5 -0 5  
3 .6 5 0 5 4 3  
8 .3S E -05
0 .0 0 0 1 6
2 .1 5 5 -0 5  
1 .5 4 5 -0 7  
1 .6 4 5 -0 5  
5 .7 5 5 -0 7  
5 .7 6 5 -0 7  
5 .5 7 5 -0 7  
0 .0 0 0 1 0 7  
0 .0 2 5 9 5 3  
0 .0 0 0 1 0 8  
0 .0 0 2 0 6 9
5 .5 5 -0 5  
1 .6 6 5 -0 5  
0 .1 1 0 1 2 8  
4 .9 5 5 -0 5  
0 .0 0 0 1 5 3  
6 .3 9 E -1 2  
2 .0 2 7 1 0 1  
2 .3 0 E -1 0  
4 .24E -11  
4 .6  IE -0 3  
1 .2 5 -0 5  
3 .2 3 E -0 6  
1 .5 = 5 -0 5  
S .94E -05  
0 .0 0 0 7 4 3  
4 .1 7 5 -0 6  
0 .0 0 0 3 9 5  
1 .4 9 5 -0 6  
5 .3 2 E -0 5  
7 .3 8 5 -0 3
4261 .523  
0 .7 0 3 2 3 5  
S .24E -06 
1 .59405  
32 1 2 .4 1 7  
33 .4 2 4 5 7  
0 .0 05023  
0 .4 7 3 1 4 3  
Z 2S C 973  
1 .325 -05  
3.33EÂ36 
873 .6945  
13 .91293  
0 .000748  
0 .000575  
7 .7 2 5 -0 3  
2 .0 6 5 -0 5  
1.14E -06 
5 .3 5 -0 6  
6 .7 1 5 -0 6  
0 .253006  
7 .80E -12  
9.71 E-06 
1 .665 -05  
4 .405 -13  
0 .420125  
5 .0 5 5 -0 9  
0 .839015  
7 .1 7 5 -1 3  
92 .54= 58  
1.0/ =-11 
1.455-13
1 .135 -10
1 .215 -15
2.73E-11
2.04E -13
0 .0 6 5 2 4 5
1.94E-10
130 .1591  
0 .172851  
6 .9 3 E -0 6  
11 .8 0 9 4 7  
7 9 .0 9 4 8 3  
2 .1 8 5 3 5  
0 .0 2 1 5 9 5  
0 .1 0 3 2 2 2  
4 .4 79891  
6 .6 E -0 3  
1 .1 9 5 -0 6  
1 9 .0 6 3 3 5  
4 .9 9 3 3 8 3  
0 .0 0 2 7 0 9  
0 .0 0 2 0 8 4  
Z 3 E -0 7  
7 .4 7 5 -0 5  
4 .1 3 5 -0 6  
1 .9 2 5 -0 5  
2 .4 3 5 -0 5  
0 .9 1 6 2 9 9  
1 .1 7 5 -1 2  
2 .0 9 E -0 7  
7 .2 2 E -1 0  
1 .5 9 E -1 2  
0 .014011  
1 .3 3 5 -0 5  
0 .0 5 5 5 0 9  
2 .6 0 5 -1 2  
2 .235331  
3 .8 9 5 -1 1  
5 .2 6 E -1 3  
4 .2 6 5 -1 0  
4 .4 0 5 -1 5  
1 .6 7 5 -1 2  
5 .8 0 5 -1 3  
0 .0 0 1 5 3 9  
2 .0 8 5 -1 1
2 2 3 3 .4 2 1
3 .0 3 9 0 2 5
0.000122
2 0 7 .5 3 1 4
1 3 9 0 .6 2 3
3 3 .4 8 3 7 2
0 .3 3 4 9 6 2
1 .9 0 2 7 2 5
7 8 .7 6 4 1 4
1 .1 6 5 -0 5
2 .09E -C 5
3 3 5 .2 5 4 5
5 7 .7 9 2 5 4
0 .0 4 7 5 3
0 .0 3 5 5 3 4
4 .9 2 5 -0 5
0 .0 0 1 3 1 3
7 .2 5 5 -0 5  
0 .0 0 0 3 3 7  
0 .0 0 0 4 2 7  
16 .1 1 0 1 3  
2 .0 5 5 -1 1  
3 .6 7 5 -0 6  
1 .2 7 5 -0 3  
2 .8 0 5 -1 1  
0 .2 4 6 3 3 9  
3 .2 2 5 -0 7  
0 .9 5 1 2 1 7  
4 .5 5 5 -1 1  
3 9 .3 0 0 9 3  
6 .5 3 5 -1 0
9 .2 5 5 -1 2  
7 .4 = 5 -0 9  
7 .7 3 5 -1 4  
Z 9 4 S -1 1  
1 .2 0 5 -1 1  
0 .0 2 7 0 6 4  
3 .6 5 5 -1 0
0 2.4294
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 1.9942
0 0
0 0.43=2
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
c 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
lmpacts.xls
Sam ple impact A ssessm ent Spreadsheet
W.MO-?h
(w) Tcluen g eq. 
(w) Vanad g eq. 
(w)Zinc( geq. 
(a) Zinc (Z g eq. 
(w) Chrom g eq. 
(w) Chrom g eq. 
(w) Chrom g eq.
Total g eq. 
(a) Metha g eq. 
(a) Ethane g eq. 
(a) Prcpan g eq. 
(a) Butane g eq. 
(a) Heptan g eq. 
(a) Alkane g eq. 
(a)Metha geq. 
(a) Ethano g eq. 
(a) Acetcn g eq; 
(a) Ethyle g eq. 
(a)Prcpyl geq. 
(a) Sutene g eq. 
(a) Acetyle g eq. 
(a) Senze geq. 
(a) Tcluen g eq. 
(a) EthytP geq. 
(a) Aromat g eq. 
(a) Formal g eq. 
(a)Acetal geq. 
(a)Propio geq. 
(a) Senzal g eq. 
(a) Hydrcc g eq. 
(a) Hydrcc g eq.
1-4 i^chlcr 
1-4^ 3ichlcr 
1-4<Sichlor 
1 -A-dichlor 
1-4-dichlor 
1 -4-dichlcr 
1 -4-dichlcr
ethylene
ethylene
ethylene
ethylene
ethylene
ethylene
ethylene
ethylene
etttylene
ethylene
ethylene
ethylene
ethylene
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Discussion on Lurgi (UK) Ltd Implementation of an Environmental 
Management System (EMS) 
Introduction
1. The purpose o f this discussion paper is to explore the possibilities for Lurgi (UK) Ltd with 
respect to the implementation o f an Environmental Management System (EMS).
2. It must be recognised from the outset that there are several options for the future management 
of environmental issues within Lurgi (UK) Ltd. These include:
a) The development and implementation o f a SHE policy which does not meet the 
specifications o f an existing EMS standard.
b) The development and implementation o f a formal EMS which meets the specifications of 
an existing standard, but without gaining certification.
c) The development and implementation o f a formal EMS, with certification to a standard 
such as IS014001.
Although this paper focuses on ISO 14001, it does not rule out any o f the above options.
3. Additionally, whilst IS014001 is the standard discussed in this document it should be noted 
that this is not the only standard available. The European Eco-Management and Audit Scheme 
(EMAS) is also available. However, EMAS is deemed unsuitable for Lurgi (UK) Ltd as it is 
designed for use by manufacturing/process oriented companies (although it has been proposed 
that EMAS should be developed in the future to make it suitable for all categories o f business).
4. To enable an informed decision this paper will introduce the basic concepts involved with 
environmental management, including the environmental policy statement and an EMS, and more 
specifically the requirements o f ISO 14001. Some o f the possible impacts on Lurgi (UK) Ltd are 
considered along with the necessary modifications to the existing Safety, Health and 
Environmental policy (SHE).
5. This paper will be used to form a basis for discussion at the SHE committee meeting on 
23*’'^  F ebruary  1999.
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1.0 Managing for the Environment
6. It is now widely recognised that human activity has the potential for serious negative impacts 
on the environment. This can happen at a local level, for example the pollution o f streams and 
rivers or at a global level, for example emission o f greenhouse gases, which cause global 
warming. For over a century, laws have been developed to prevent or minimise this harm to the 
environment and increasingly companies are recognising that environmental issues can have a 
significant impact on business profitability. It is considered by many that a company's 
environmental performance (and the way that this is perceived by the various stakeholders related 
to the company) should be managed with the same efficiency as all other business issues.
7. The recognised method for a company to demonstrate its commitment to the environment is 
through the development and publication of an environmental policy statement. This sets out the 
organisation s intentions and principles in relation to its overall environmental performance and 
provides a framework for action and for setting o f the organisation's environmental objectives and 
targets. Lurgi (UK) Ltd's SHE policy statement will be considered in more detail in section 3. 
An Environmental Management System (EMS) forms the part of the overall management system 
that includes organisational structure, planning activities, responsibilities, practices, procedures, 
processes and resources for developing, implementing and maintaining the environmental policy.
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2.0 Introduction to IS014001
From http://w\vw.aualitv.co.uk/Qualitv/iso 14000.htm and B S EN ISO!4QQ1 r 1996
8. After the success o f the IS09000 series o f quality standards, the International Standards 
Organisation has published a comprehensive set of standards for environmental management - the 
ISO 14000 series. This series o f standards is designed to cover the whole area of environmental 
issues for organisations in the global marketplace.
Standard Title / Description
14000 Guide to Environmental Management Principles, Systems and Supporting 
Techniques
14001 Environmental Management Systems - Specification with Guidance for 
Use
14010 Guidelines for Environmental Auditing - General Principles of 
Environmental Auditing
14011 Guidelines for Environmental Auditing - Audit Procedures-Part 1 :
Auditing of Environmental Management Systems
14012 Guidelines for Environmental Auditing - Qualification Criteria for 
Environmental Auditors
14013/15 Guidelines for Environmental Auditing - Audit Programmes, Reviews &
Assessments 
14020/23 Environmental Labeling
14024 Environmental Labeling - Practitioner Programs - Guiding Principles,
Practices and Certification Procedures of Multiple Criteria Programs 
14031/32 Guidelines on Environmental Performance Evaluation
14040/43 Life Cycle Assessment General Principles and Practices
14050 Glossary
14060 Guide for the Inclusion of Environmental Aspects in Product Standards
9. O f all the standards listed above it is IS014001 that specifies the requirements o f the EMS and 
environmental policy statement. It should be recognised that flexibility within these standards 
allows companies to adopt very different EMSs and environmental policy statements (and to have 
different environmental performances) whilst all being compliant with IS014001.
10. The key requirements of IS014001 are;
a) A commitment, in the environmental policy statement, to compliance with applicable 
legislation and regulations, and;
b) A commitment, in the environmental policy statement, to both prevention o f pollution and 
continual improvement (of the EMS/policy and of the company's environmental 
performance with respect to its activities, products and services), plus;
c) The development of a structured set of procedures (the EMS) that ensures regulatory 
compliance, pollution prevention and continual improvement.
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11. The structure o f an ISO 14001 certified EMS is based on a cyclical model, as shown below.
IS 0 1 4 0 0 I
Management
Commitment
Preparatory
Review
,
Environmental
Policy
Management Planning
Review
Checking and 
Corrective Action
Implementation and 
Operation
Figure 1: Entering the IS014001 cycle and its main requirements
12. Once managerial commitment to IS014001 has been gained it is necessary to cany out a 
preparatory or initial review, prior to entering the main cycle. Whilst this is not a specified 
requirement o f IS014001 it will aid transition to the standard and examination of this data will 
provide an external audit with a wealth of information on the methods adopted by the company. 
The preparatory review should be comprehensive in consideration o f input, processes and output 
at the site(s). This review should be designed to identify all relevant environmental aspects that 
may arise from existence on the site(s) and products/services generated. These may relate to 
current operations, they may relate to future, perhaps even unplanned future activities, and they 
will certainly relate to the activities performed on site(s) in the past (i.e. contamination o f land). 
The initial or preparatory review will also include a wide-ranging consideration of the legislation 
that may effect the site(s), whether it is currently being complied with, and perhaps even whether 
copies of the legislation are available. Many o f the environmental assessments undertaken 
already have highlighted that companies are often unaware o f ALL o f the legislation that affects 
them, and being unaware, are often not meeting the requirements of that legislation.
13. ISO 14001 requires an Environmental Policy to be in existence within the organisation, fully 
supported by senior management, and outlining the policies o f the company, not only to the staff
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but to the public. The policy needs to clarify compliance with environmental legislation that may 
effect the organisation and stress a commitment to continuous improvement. Emphasis has been 
placed on policy as this provides the direction for the remainder of the Management System.
14. Those companies who have witnessed IS09000 Assessments will know that the policy is 
frequently discussed during the assessment, many staff are asked if they understand or are aware 
of the policy, and any problems associated with the policy are seldom serious. The 
Environmental Policy is different. This provides the initial foundation and direction for the 
Management System and will be more stringently reviewed (by certifiers/auditors) than a similar 
IS09000 policy. The statement must be publicised in non-technical language so that it can be 
understood by the majority of readers. It should relate to the sites within the organisation 
encompassed by the Management System, it should provide an overview of the company’s 
activities on the site(s) and a description of those activities and provide a clear picture of the 
company’s operations.
15. During the planning and implementation stages of the cycle the company will declare its 
primary environmental objectives - those that can have most environmental impact (those 
identified in the preparatory review plus further issues identified in latter years). In order to gain 
most benefit these will become the primary areas of consideration within the improvement 
process, and the company’s environmental programme. The programme will be the plan to 
achieve specific goals or targets and describe the means to reach those objectives such that they 
are real and achievable (including identification of resources and a time-frame for achievement). 
The Environmental Management System provides further detail on the environmental 
programme. The EMS establishes procedures, work instructions and controls to ensure that 
implementation o f the policy and achievement of the targets can become a reality. 
Communication is a vital factor, enabling people in the organisation to be aware o f their 
responsibilities, aware o f the objectives of the scheme, and able to contribute to its success.
16. As with IS09000 the Environmental Management System requires a planned comprehensive 
periodic audit o f the Environmental Management System to ensure that it is effective in 
operation, is meeting specified goals, and the system continues to perform in accordance with 
relevant regulations and standards. The audits are designed to provide additional information in 
order to exercise effective management of the system, providing information on practices which 
differ to the current procedures or offer an opportunity for improvement.
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17. In addition to audit, there is a requirement for Management Review o f the system to ensure 
that it is suitable (for the organisation and the objectives) and effective in operation. The 
management review is the ideal forum to make decisions on how to improve for the future.
18. Finally it is worth considering that ISO 14001 shares common management system principles 
with the IS09000 series and that an existing management system, which is compliant with 
IS09000, can be used as a basis for an EMS. (ISO Technical Committee 176, which works on the 
IS09000 series of quality management standards, and Technical Committee 207, which is 
responsible for the 14000 series on EMS, are continuing efforts to co-ordinate their activities).
3.0 Lurgi (UK) Ltd Implementation of an EMS
19. The current Lurgi (UK) Ltd Safety, Health and Environmental Policy (SHE) is based upon the 
management system requirements o f IS09000 and ISO 14000. Whilst this has ensured that much 
of the framework for an EMS is already in place (e.g. procedures and delegation of 
responsibilities), the SHE policy is principally focused on Health and Safety (only mentioning the 
environment in passing). Because of this, the current SHE policy and procedures are not 
compliant with ISO 14001 and should not be considered as an EMS.
20. In considering adoption o f an EMS, key issues that must be addressed by Lurgi (UK) Ltd 
include:
a) A greater emphasis within the SHE policy statement on environmental performance, 
including a commitment to both legislative compliance and continual improvement.
b) The identification o f Lurgi (UK) Ltd's key environmental impacts and the establishment 
o f indicators and time-based targets to demonstrate compliance and continual 
improvement. This process needs to be included formally within the EMS.
c) The identification o f a manager responsible for environmental affairs and the development 
o f staff training programmes. In particular this manager should implement the EMS and 
develop environmental programmes for all Lurgi (UK) Ltd sites.
d) The publication of SHE policies, objectives and results to staff and the public.
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21. With respect to Lurgi (UK) Ltd's environmental impacts and the subsequent indicators and 
targets, figure 2 demonstrates possibilities for the division of activities and identification of 
possible indicators for impacts. It will be necessary to identify all impacts before being able to 
choose which o f these are significant impacts and thus which will be used to demonstrate 
continual improvement.
Figure 2: A possible division o f Lurgi (UK) Ltd's activities including possible indicators of 
impacts.
Lurgi (U K ) Ltd
Active Office
T
Plant Use and
Construction Based Decommissioning
Sites Activities (i.e. after sales)
Waste __ Energy Material
Generated Consumption Recovered*
__ Energy __Water __Hazardous Substances
Consumption Consumption for Disposal
__Complaints __Sales/Other __Impacts of Plant
Received Mileage Use, -rve/-ve
__Pollution Waste
Incidents Generated
* It should be noted that developing Producer Responsibility legislation may make 
Lurgi (UK) Ltd responsible for the take-back of electronics goods.
22. Issues that are specific to Lurgi (UK) Ltd, which should be considered at the initial review 
stage, include:
a) Many companies opt to register individual sites under ISO 14000. However, this is not 
compulsory and in the case o f Lurgi (UK) Ltd with sites o f relatively short life spans 
would be undesirable. It would be preferable to make Lurgi (UK) Ltd as a whole 
compliant and develop site-specific environment programmes to achieve overall targets.
b) Due to the fluctuating nature of Lurgi (UK) Ltd's workload it is probable that the 
company's environmental impacts will also fluctuate. Measurement o f environmental
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impact (by environmental indicators) and subsequent targets and objectives need to take 
this into account by utilisation o f normalisation techniques.
c) ISO 14001 covers not only the organisation's activities, but its products and services. 
Many o f the products o f Lurgi (UK) Ltd (i.e. completed plants) will have a positive 
environmental impact (e.g. gas cleaning plant can reduce environmental impact). This 
should be taken into consideration.
d) Implementing monitoring procedures and achieving improvements in environmental 
performance will require co-operation with other companies. For example the building 
managers at Duke's Court or subcontractors/clients at site. It must be considered to what 
extent these issues are within the control of Lurgi (UK) Ltd.
4.0 Costs and Benefits of adopting an EMS
23. When adopting an environmental policy statement and an EMS it is necessary to discuss both 
the associated costs and the benefits. What has Lurgi (UK) Ltd got to gain from adopting an 
EMS and at what cost?
24. Some benefits from adoption o f an EMS have been identified as:
a) Ensuring awareness o f rapidly developing environmental legislation
b) Reducing environmental liability and risk
c) Identifying cost saving areas for reduction in energy use and material consumption
d) The ability to demonstrate environmental commitment to all stakeholders
e) Keeping one step ahead in the market for 'clean technologies'
f) Improved staff morale - the environmental feel good factor
g) Improvements in the environmental performance o f the organisation
h) Access to market areas which require EMS certification
i) General improvements in the performance of the organisation.
25. Against these benefits must be weighed the costs of implementation and maintenance o f the 
EMS. These include:
a) Man-hour costs for EMS/policy development
b) Possible consultancy costs for EMS/policy development
c) Auditors costs
d) Man-hour costs for maintaining the EMS/policy
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e) Certification costs
f) Costs o f production o f documentation
g) Possible expenditures for implementing change in environmental performance.
26. It is probable that due to the nature of Lurgi (UK) Ltd's business, any financial savings from 
material and energy efficiency will be small (compared with those that can be gained from a 
manufacturing installation), and thus unlikely to make the EMS cost efficient in their own right 
(although a full assessment would be required to confirm this). The decision is more likely to 
hinge on the significance placed on value added to Lurgi (UK) Ltd (as in the decision to 
implement IS09000). What is the current and potential future market pressure for requirement of 
contractors to demonstrate their environmental commitments through certification to ISO 14001? 
Could Lurgi (UK) Ltd adequately demonstrate environmental commitment without certification? 
Without certification and the required auditing process, would Lurgi (UK) Ltd have the required 
motivation to develop and maintain a sufficiently challenging EMS? To what extent would Lurgi 
(UK) Ltd use the gathered information on new and developing environmental legislation to guide 
its marketing strategies?
5.0 Environmental Management within Lurgi (UK) Ltd - the options
27. Having introduced the major concepts behind EMSs and in particular ISO 14001, the options 
available to Lurgi (UK) Ltd UK can be restated as:
a) The development and implementation o f a SHE policy which does not meet the 
specifications of an existing EMS standard.
b) The development and implementation o f a formal EMS which meets the specifications of 
an existing standard, but without gaining certification.
c) The development and implementation o f a formal EMS, with certification to a standard 
such as ISO 14001
28. These options along with all other issues highlighted will be used to form a basis for 
discussion at the SEE committee meeting on 23'"'^  February 1999.
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EMS Consultation Questionnaire
(To be completed in conjunction with consultation paper)
Q l. 1 On current knowledge, do you feel it is important for Lurgi (UK) Ltd to demonstrate a 
commitment to protection o f the environment?
YES /  NO (please circle)
Q 1.2 On current knowledge, do you feel that Lurgi (UK) Ltd has an adequate environmental 
policy statement?
YES / NO (please circle)
Q 1.3 On current knowledge, do you feel that Lurgi (UK) Ltd has an adequate EMS? 
YES /  NO (please circle)
Q.5.1 Considering each of the issues in paragraph 20 (summarised below), would any cause a 
problem for Lurgi (UK) Ltd and if so, why?
a) Environmental emphasis in policy statement, including legislative compliance and 
continual improvement.
No problem / Problem (please circle)
Why?
b) Identification o f key environmental impacts & time-based targets. 
No problem / Problem (please circle)
Why?
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c) Identification o f a manager responsible for environmental affairs & training programmes. 
No problem / Problem (please circle)
Why?
d) The publication o f SHE policies, objectives and results to staff and the public. 
No problem / Problem (please circle)
Why?
Q3.2 Does the division o f activities in figure 2 seem appropriate? I f  not, could you suggest a 
more appropriate one?
Yes / No (Please circle)
Alternative?
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Q3.3 Can you identify any other 'Lurgi specific' issues (not listed in s22) related to adoption o f an 
EMS?
Q4.1 Can you identify any other benefits (not listed in s24) o f adopting an EMS? (In blank boxes 
below)
Q4.2 Can you rank these benefits in order of importance? (l=m ost important benefit)
B E N E F IT R A N K  
( l= m o s t  im portant)
Ensuring awareness o f rapidly developing environmental legislation
Reducing environmental liability and risk
Identifying cost saving areas for reduction in energy use and 
material consumption
The ability to demonstrate environmental commitment to all 
stakeholders
Keeping one step ahead in the market for 'clean technologies'
Improved staff morale - the environmental feel good factor
Improvements in the environmental performance of the 
organisation .
Access to market areas which require EMS certification
General improvements in the performance of the organisation
-
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Q4.3 Can you identify any other costs (no listed in s25) associated with the adoption of an EMS?
Q4.4 Bearing in mind the cost benefit considerations presented in section 4.0 and all other 
information discussed in this document, indicate which one out o f the three scenarios below you 
consider to be most appropriate for Lurgi (UK) Ltd. (These opinions could quite probably change 
during further discussions!)
(Please tick only one option)
a) The development and implementation of a SHE policy which D
does not meet the specifications of an existing EMS standard.
b) The development and implementation o f a formal EMS which CH
meets the specifications o f an existing standard, but without 
gaining certification.
c) The development and implementation of a formal EMS, with O
certification to a standard such as IS014001.
Q4.5 Are there any other issues that have not yet been covered, which should be discussed in 
future consultation documents or meetings?
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6 month report (36 months) - 1/10/99
1 . I n t r o d u c t i o n
This report outlines the progress that has been achieved over the period 1/4/99 to 
1/10/99. The report is divided into sections that discuss: the progress towards the 
overall project objectives and deliverables, specific revisions to previous glass case 
study work, a summary o f a paper that has been submitted to the Institution o f 
Chemical Engineers (IChemE) conference 'research 2000' and finally the research to 
be carried out in the final year of the project.
2 .  P r o g r e s s  t o w a r d s  o v e r a l l  p r o j e c t  o b j e c t i v e s  a n d  d e l i v e r a b l e s
During the first two years of the project it was recognised that the EC Directive on 
Integrated Pollution Prevention and Control (IPPC) and subsequent member state 
legislation requires the environmental impacts of industrial activities to be assessed on 
a holistic basis, going well beyond the requirements o f current legislation. IPPC is 
coupled with other Directives, such as that for packaging, based on Producer 
Responsibility, to ensure that the manufacturing and process industries begin to 
examine their impacts throughout the supply chain.
With this position in mind the project objective as defined at the end o f the first year
was:
The objective o f this project is to determine the requirements o f environmental 
legislation and thus, through the use of appropriate assessment methodologies, 
identify (and install) the Best Available Techniques (BAT - EC IPPC 
definition) for the glass manufacturing and waste to energy industries.
During the second year, the research focused on determining the requirements of 
environmental legislation and available assessment methodologies. Through a detailed 
literature review at the 2"^  ^ year dissertation stage it was identified that Life Cycle 
Assessment would provide an appropriate process to analyse the wider environmental 
impacts o f differing techniques and technologies as required by emerging legislation. 
Moreover, it was identified that there is a need to develop life cycle based 
methodologies, both for use in industrial pollution control and for support of the 
general policy making process.
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Thus, at the end o f the second year it was possible to give a more focused definition 
of the project:
The objective o f this project is to develop life cycle methodologies for the 
assessment o f BAT (using glass and waste to energy as case studies) and the 
assessment o f the life cycle environmental impacts caused by the individual 
and combined requirements o f environmental policies.
Since this redefinition, as discussed in the previous six-month report (dated 1/4/99), 
work has focused on the development o f a life cycle based methodology for the 
determination o f BAT within the scope o f IPPC. Previous use of Life Cycle Policy 
Mapping (LCPM - see 2"^  ^ year dissertation) had identified that IPPC requires a 
cradle-to-gate assessment o f the impacts associated with available techniques for a 
specific installation. Initial assessment work was carried out during the first six 
months o f this year to investigate the impacts associated with a multi-furnace 
container glass installation. The scenarios considered involved oil or gas firing and 
addition o f acid gas and dust abatement equipment, the results from which were 
discussed at length in the previous six-month report (dated 1/4/99).
Work over the past six months has involved revision o f the initial assessment (as 
discussed in section 3) and expansion of the scenarios to include data from an existing 
float glass furnace and the Pilkington technique for de-NOx. The results of both 
the case study work and more general issues regarding use o f LCA for the 
determination o f BAT are contained in a paper to be presented at the Institution of 
Chemical Engineers (IChemE) conference 'Research 2000' and published in 
Transactions B o f the IChemE. The full paper (which has been submitted and is now 
being refereed) can be found as an appendix to this report. The major conclusions 
from within the paper are highlighted in section 4 o f this report.
The glass industry case study work has lead to conclusions specific to the 
technologies investigated, which can be used to support decisions with respect to site 
specific BAT. M ore generally, as a result of this work it has been demonstrated that a 
cradle-to-gate LCA provides a method that can be used to assess the wider 
environmental issues within IPPC. In demonstrating the feasibility of life cycle
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approaches for the determination o f BAT, combined with results from the glass case 
study, the work to date has fulfilled most of the major objectives of the research. A 
summary o f these objectives and the conclusions that have been drawn are given in 
the table below. In addition, the scope for further work concerning each objective is 
outlined within the table. A more detailed discussion of the priorities for research to 
be carried out in the final year can be found in section 5 of this report.
Table 1: Research objectives and major conclusions
O b j e c t i v e C o n c l u s i o n s  ( s e e  S e c t i o n  4 ) F u r t h e r  r e s e a r c h *
To determine the 
requirements of 
environmental 
legislation.
Identification of the holistic nature of 
developing legislation. A need for life 
cycle approaches to assess the wider 
impacts of products and processes.
Continue to monitor 
developments in legislation. 
Further development of Life 
Cvcle Policv Mapping.
To determine the 
appropriate assessment 
methodologies and to 
develop Life Cycle 
methodologies for the 
assessment of BAT.
A 'cradle-to-gate' LCA can be deemed an 
appropriate assessment methodology for 
analysis of the wider environmental 
issues in determination of the BAT. This 
has been developed and demonstrated 
through glass industry case study work. 
Results are pending publication.
Identification of possibilities for 
handling uncertainty within 
LCA. Integrate environmental 
Life Cycle Assessment with 
site-specific, risk-based 
methodologies and economic 
cost benefit analysis within the 
decision-making process.
Identify- (and install) 
BAT for the glass 
manufacturing and 
waste to energy 
industries.
Sector-wide BAT conclusions should not 
be made. Case study work has given 
indicative results based on generic glass 
industry data, however, BAT should be 
determined on a case specific basis.
Extend case study work to 
include waste to energy. 
Investigate economic costs of 
acid gas and dust abatement 
technologies.
Assessment of the Life 
Cycle environmental 
impacts caused by the 
individual and 
combined 
requirements of 
environmental 
policies.
As demonstrated by the glass case study 
and assessment of the limits set for 
LAAPC, environmental legislation can 
have the effect of increasing overall 
impact on the environment. The range of 
emissions achievable for a given 
technology must be assessed and limits 
set to achieve an overall improvement in 
environmental performance. (See 
discussion of improvement thresholds in 
section 4.)
Extend this work, with the 
support of LCPM to include 
evaluation of other policies that 
impinge on the glass life cycle.
discussed in section 5.
The priorities for research are
The specific contributions to knowledge centre on the development and demonstration 
o f a 'cradle-to-gate' LCA for determination of BAT, specific assessment results for the 
glass industry and the concept of Life Cycle Policy Mapping (still to be finalised). In 
addition to these contributions, the research has included other work, such as the 
investigation of uncertainty within Impact Assessment (as discussed in sections 3 and 
4). This work will be expanded in the final year.
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3. Revisions to the glass case study LCA for determ ination of BAT.
In the six month report, dated 1/4/99, the life cycle work carried out during the first 
six months o f this year was discussed in detail, including an outline o f the data 
collection and calculation procedures. During the past six months (1/4/99 to 1/10/99) 
this data has been refined and the system extended to include an additional sas 
cleaning technique (Pilkingtons' de-NOx technology) and actual furnace data.
The first system modification to be made relates to the dust collected from sas 
cleaning and returned to the batch house. In the initial work it was assumed that this 
dust displaced all raw materials (soda ash, sand and limestone) equally. However, 
since the dust is mainly carbonates and sulphates o f calcium, it was felt more likely 
that it would displace simply the limestone portion of the batch mixture. The effect 
this modification has had on the life cycle impacts, can be seen in charts 1 and 2.
Chart 1 depicts the change in impacts caused by retrofitting acid gas and dust 
abatement equipment to reduce the emissions from a gas fired furnace so that they 
meet respectively, UK limits, German TA-Luft limits and the average of the 
achievable levels cited in the glass BAT reference document (BREF). The exact 
figures in this case are not important. As noted in the previous six-month report the 
requirement to meet the more stringent BREF emission levels resulted in a large 
amount o f dust collection from the electrostatic precipitator. It was highlighted that at 
higher cleaning efficiencies some o f the impact categories, which had been increased 
due to addition o f gas cleaning equipment, now reflected a lessening increase (e.g. 
depletion o f ozone layer). This was the result o f most of the dust originating from gas 
cleaning injection of lime, which has lower 'cradle-to-gate’ impacts than the 'dirty' raw 
materials which it was displacing (e.g. soda ash).
Chart 2 depicts the results from an almost identical system, meeting identical limits, 
but with a minimal change, i.e. the gas cleaning dust now only displaces the limestone 
portion of the batch. In this case it can be seen that all impacts which were increased 
due to addition o f gas cleaning equipment continue to increase proportionately when 
the lower BREF limits are met, since the lime-based dust no longer displaces the 
'dirtier' soda ash. Whilst this new assumption reduces the benefits o f achieving the
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lower BREF levels it can still be seen that there are still large benefits to be gained 
from reductions in acidification and human toxicity. Thus the BREF levels are still to 
be recommended.
Chart 1. Averaged Change in Impacts - Gas cleaning dust displaces all raw material
Sc
n f i n i n g  g a s  c l e a n u p  t o  U K l i m i t s  I
□  f i t t i n g  g a s  c l e a n u p  t o  T A - L u f t  l i m i t s
□  f i t t i n g  g a s  c l e a n u p  t o  B R £ F l e v e l s  |
Ê
I i t
I m p a c t  c a t e g o i y
Chart 2. Averaged Change in Impacts - Gas cleaning dust displaces limestone only
axr-m Bsr~t~n
I B  f i t t i n g  g a s  c l e a n u p  t o  U K .  l i m i t s  .  ;  
□  f i t t i n g  g a s  c l e a n u p  t o  T . A - L u f t  l i m i t s  j  
{ □ f i t t i n g  g a s  c l e a n u p  t o  3R E F l e v e l s  !
I 5 è tS
k 2
Impact category
\  6 month report (36 months) - 1/10/99
A second area in which the life cycle work has been developed during the past six 
months involves interpretation of the human toxicity o f particulates. In the original 
work, discussed in the six-month report 1/4/99, the toxicity o f particulates was 
excluded from impact assessment since the available impact assessment methods 
(CML and USES) do not provide human toxicity potentials for particulates. Work 
over the past six months has used toxicity data for SOx, NOx and particulates, 
presented in a report by the Committee On the Medical Effects of Air Pollutants 
(COMEAP, 1998), to extrapolate human toxicity potentials for particulates. The 
COMEAP data gives figures for the current number o f deaths and hospital admissions 
for SOx, NOx and particulates together with the percentage change to these figures 
due to IQwg/m^ increases in atmospheric concentration of the respective pollutants. 
Through using these figures to find the increase in deaths or hospital admissions 
caused by each pollutant, the relative harm o f increasing concentrations of each 
pollutant can be found. Based on increase in British urban hospital admissions per 
10/zg/m^ increase o f pollutant in the atmosphere, COMEAP (1998) rank the effects o f 
SOx, NOx and PMio in the ratio 1:2.5:4.8; i.e., a lOizg/m^ increase in atmospheric 
PMlOs causes 4.8 times as many hospital admissions than the same increase in SOx. 
This ratio was used to estimate the impact o f particulates within the CML and USES 
Human Toxicity categories using the following equation:
r Particulate Hosp. Admissions
VAv. Hosp. Admissions SOx and NOx y
f Particulate Impact
co.ME.AP \  Av. Impact SOx and NOx) USES or CML
The toxicity potentials used are given in table 2.
Table 2: COMEAP data and prediction of particulate human toxicity potentials
COMEAP CML USES
Increase in hospital g g eq. 1-4-
admissions per 10/zg/m^ dichlorobenzene
SOx 17.5 1.2 0.16
NOx 43.5 0.78 0.26
Particulates 84 2.7* 0.58*
Values predicted by Research Engineer
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Whilst these predicted values have enabled an initial estimate to include particulate 
toxicity in LCA it must be recognised that there is a large margin o f error. For 
example, examining the data for SOx and NOx, both COMEAP and USES rate NOx 
as potentially more harmful than SOx, whereas CML indicates the opposite view. 
Extrapolation o f a figure for particulates was based on a worst case scenario, that 
particulates would be more harmful than both SOx and NOx as indicated by 
COMEAP. However, data recently published by Huijbregts (1999), revising the 
USES toxicity potentials to include more detailed multi-media modelling and now 
including particulates has shown that this may not be the case. The new figures are 
given in table 3. Here whilst NOx is rated potentially more harmful than SOx 
(agreeing with COMEAP and the original USES) toxicity o f particulates is placed 
between the two.
Table 3: USES-LCA Human Toxicity Potentials (Huijbregts, 1999)
USES-LCA 
g eq. 1-4- 
dichlorobenzene
SOx 0.33
Particulates 0.9
NOx 1.4
It is believed that one o f the major reasons for these discrepancies centres on the 
modelling o f the behaviour of substances in the environment. The pathway from 
source to receptor is influenced by many factors including the rate at which 
substances react with the environment, the transport o f substances from one media to 
another and meteorological factors. In calculating the CML potentials inter-media 
transfer and substance decay is not considered. In addition, COMEAP does not 
consider the transport of substance from source to receptor, only concentrations o f 
substances at the receptor. USES and USES-LCA, on the other hand, adopt a risk- 
based approach and model the fate of substances based on European average 
conditions. Whilst the risk based approach of USES is an improvement over the CML 
data, in reality, the degree o f 'mixing' o f a substance within the environment will 
depend heavily both on local conditions and the distance from source to receptor. It is 
therefore important that, in addition to the use o f LCA to determine overall
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environmental impact, local issues are considered on a case specific basis by site 
specific risk assessment.
For the purpose of this research the RE has taken into consideration both the CML 
and USES Human Toxicity factors (USES-LCA was not available at the time of 
calculation), acknowledging that there is much need for research in this area to reduce 
the remaining unresolved uncertainties (see section 4 for further discussion). In spite 
of these uncertainties, however, it is found that the different methods used are in 
relative agreement concerning the change in the Human Toxicity impact category due 
to the available technology choices for glass manufacturing. All methods indicate that 
the technology choices considered thus far (choice o f furnace fuel, retrofit o f acid gas 
and dust abatement and retrofit o f 3R^' ^ ) do not have a significant impact on the 
Human Toxicity category. Fuel switching results in approximately a 10% reduction 
in Human Toxicity and retrofit techniques achieve only a 1-3% reduction. This is 
because the major contributor to Human Toxicity is the raw material manufacturing 
stages, not influenced by the technology choices. The major contribution from raw 
materials tends to mask any improvements achieved. This discovery is significant 
when considering waste policy since it indicates that the largest potential for 
reductions in cradle-to-gate Human Toxicity is through substitution o f raw materials 
with, for example, post consumer cullet, i.e. an increased recycling rate. This 
potential must be confirmed using LCA since an increase in recycling rate will also 
increase transport burdens and burdens from the furnace (i.e. resulting from the 
additional additives required when accepting a lower quality, possibly colour 
contamination cullet).
Further work during the past six months has involved extending the study to include 
the usage of Pilkington's 3R™ de-NOx technology and relevent data from an 
operating float glass furnace. See discussion in the following section and appendix.
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4 .  B A T  A s s e s s m e n t  f o r  I n t e g r a t e d  P o l l u t i o n  P r e v e n t i o n  a n d  C o n t r o l :  A  L i f e  
C y c l e  A p p r o a c h
This section o f the report highlights the major points discussed in a paper to be 
presented at the IChemE conference 'Research 2000' and to be published in 
Transactions B o f the IChemE. The title is as above 'BAT assessment for integrated 
pollution prevention and control: a life cycle approach' (see appendix).
The initial sections o f the paper discuss the development o f environmental legislation 
that will now allow the EA to set permit conditions to cover wider environmental 
issues. It is highlighted that the new Pollution Prevention and Control Act (1999), 
which enables implementation of the IPPC Directive, will require a revision o f the 
Environment Agencies emission focused BPEO assessment. It is proposed, as 
justified previously in this portfolio, that a 'cradle-to-gate' LCA would provide an 
appropriate tool for the assessment of these wider environmental issues. It is also 
noted that control of the 'gate-to-grave' environmental aspects of a product are outside 
the scope o f IPPC and these should be controlled through waste and integrated 
product policies.
It is highlighted that the cradle-to-gate system can be subdivided into foreground and 
background systems. The foreground system consists of the installation, for which 
site specific operational or design data is used to calculate the Direct Burdens. The 
background system consists o f the processes for material and energy supply and off 
site waste disposal. Industry averaged data obtained from data bases is used to 
calculate the Indirect Burdens. It is also important to note that the impacts calculated 
from the inventory of burdens represent effects on the global or continental scale. No 
LCA methodologies have yet been developed that can deal with localised issues 
concerning emissions to all three environmental media. It is therefore necessary to 
combine the outcome o f LCA with site specific assessment methods (i.e. Impact 
Pathway Assessment) to ensure that both local and global issues are considered when 
determining BAT (Clift and Doig, 1996).
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A case study investigating techniques for glass manufacturing has been used to 
demonstrate the life cycle approach for both new and existing installations. Two 
scenarios are presented within the paper;
1) A new container glass installation, two 200 tonnes per day furnaces. A 
choice between gas and oil firing of the furnace.
2) An existing 600 tonnes per day float glass furnace (data from Robertson and 
Clift, 1999). Retrofit of either:
i) Pilkington's 3R™ de-NOx
ii) Dry lime acid gas srcubbing with precipitator dust removal
During the assessment of scenario 1, fuel choice, differing Impact Assessment 
methodologies were used to calculate the impacts for each category. The methods 
used are given in table 4 below.
Table 4: Impact categories available within TEAM (Ecobilan, 1997)
CML-Air Acidification 
CML-Aquatic Eco-toxicily 
CML-Depletion of non renewable resources 
CML-Depletion of the ozone layer (high) 
CML-Depletion of the ozone layer (low) 
CML-Eutrophication 
CML-Eutrophication (water)
CML-Human Toxicity 
CML-Terrestrial Eco-toxicity
Ec(R)-Depletion of non renewable resources 
Ec(Y)-Depletion of non renewable resources 
Ec(R*Y)-Depletion of non renewable resources 
ETH-Air Acidification 
IPCC-Greenhouse effect (direct, 20 years) 
IPCC-Greenhouse effect (direct, 100 years) 
IPCC-Greenhouse effect (direct, 500 years) 
USES-Aquatic Eco-toxicity 
USES-Human Toxicity 
USES-Terrestrial Eco-toxicity 
WMO-Photochemical oxidant formation (high) 
WMO-Photochemical oxidant formation (low)
The results obtained from these differing lA methodologies, as shown in Figure 5 
within the paper in the appendix, highlight the uncertainties involved with the lA  
stage of LCA. It is believed that the main source o f uncertainty for the different lA  
methods within each impact category, is how they deal with the fate of substances in 
the environment. Human toxicity has been discussed previously and a further 
example of this uncertainty can be seen with global warming potentials. Ecobilan 
(1997) state that for the IPCC's 20 year greenhouse effect figure there is up to 35% 
error and that this error increases with increasing timescales due to lack o f knowledge 
concerning the behaviour of greenhouse gases in the atmosphere. It is recommended 
in the paper that whilst these scientific uncertainties remain unresolved the LCA 
practitioner should consider and be informed by all available methods. In the case of
11
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scenario 1, in spite o f the uncertainties, most methods within categories were in 
agreement as to whether there was either improvement or degradation due to the 
choice o f technology. Where there was a discrepancy (eutriphication) the cause of 
that discrepancy was easily identified: in this case it was due to either inclusion or 
exclusion o f nitrous releases to atmosphere. Thus it was decided that there was no 
need for further analysis. Had there been major discrepancies then further 
investigation of the lA  methodologies would have been required.
The technology specific conclusions found within the ca.se study, for each of the 
different techniques investigated are discussed below. Descriptions o f each technique 
can be found in the paper, in the appendix. Again it must be stressed that these 
conclusions are based mainly on generic glass industry data and should be confirmed 
on a case specific basis for individual installations.
Scenario 1. It was found that, generally, the production and use o f natural gas has 
lower environmental impacts than the production and use o f oil. The final BAT 
decision would depend on the impacts associated with other melting techniques (e.g. 
electric heating, which currently has higher global emissions than both oil and gas 
firing [DoE, 1994]) plus local risk and economic considerations.
Scenario 2. Pilkingtons 3R " deNOx technique achieves large reductions in 
acidification and eutrification with a smaller reduction in human toxicity. These are 
at the expense o f increases in depletion of non-renewables, greenhouse effect and 
photochemical oxidant formation, as a result o f the increased use o f hydrocarbon fuel. 
Generally, however, 3R™ is beneficial at all levels o f NOx removal.
For this specific case, retrofit o f acid gas and dust abatement equipment to meet the 
limits set out for the UK glass industry under Local Authority Air Pollution Control 
would result in increases in all impact categories. The benefits gained from 
reductions in emissions from the installation are outweighed by the indirect burdens 
that are inherent within the system due to additional power consumption. At the 
lower BREF limits, however, there are improvements in acidification and human 
toxicity. Thus, if  this type of technology is to be installed then the emission removal 
efficiencies must be increased to overcome the 'fixed burdens' within the system.
12
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Figure 1 : Potential net impacts for two technolomes
N e t  I m p a c t
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P e r c e n t  o f  p o l l u t a n t  r e m o v e d
As discussed in the paper, with respect to pollution abatement techniques in general, 
when examining the net impacts associated with different levels o f pollutant removal, 
the concept of an Improvement Threshold (IT) emerges (see figure 1). For an 'end-of- 
pipe technology, at low levels o f pollutant removal, the 'fixed burden' inherent in the 
system due to energy consumption dominates and the net impact can be greater than 
that for the base case with no modification to the installation. As the percentage of 
pollutant removed is increased then the benefits gained from reduction o f emissions 
start to counterbalance and eventually outweigh the 'fixed burden'. Thus the net 
burden is reduced. At a specific level o f pollution reduction - the IT - the net 
environmental impact associated with the retrofit technology becomes lower than that 
associated with the base case. The IT will vary depending on the technology used. 
For example, for a clean technology' the inherent 'fixed burden' is low and the IT can 
be found at low levels o f pollutant removal. For an 'end-of-pipe' technology the 
inherent fixed burden can be high and results in the need for a large amount of 
pollutant to be removed in order to reach the IT. In addition, at high levels of 
pollutant removal there may be a need for greater resource and energy use to gain 
small incremental improvements in pollutant reduction. At this point, the net impact 
can increase dramatically. Thus, it is possible to determine both lower and upper ITs, 
the locations of which must be derived on a case specific basis. When establishing 
emission limits for an installation it is essential that the impacts associated with the 
full range o f pollutant removal are examined and the limits are set within the ITs.
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5 .  R e q u i r e m e n t s  f o r  f u r t h e r  r e s e a r c h
There are several options available for research in the final year. Two areas exist 
where research has already been carried out, but further work is required prior to 
publication and discussion o f results. Both these areas should result in papers for 
publication.
i) An investigation o f lA  methods and identification o f possibilities for 
handling uncertainty within LCA.
ii) Further development o f Life Cycle Policy Mapping (LCPM) to 
evaluate policies that impinge on the glass life cycle. '
There are three further areas that exist where the work could be extended;
iii) Implementation o f IS014001 in L'UK - research issues such as what 
does sustainability mean to a company like Lurgi and thus with respect 
to continual improvement, where should Lurgi be heading. Also use of 
LC approaches within an EMS to identify significant environmental 
aspects.
iv) Extend case study work to include waste to energy. What does IPPC 
mean for the waste management sector? What is the scope o f a BAT 
assessment for energy from waste?
v) An investigation of the economic costs o f acid gas and dust abatement 
technologies (this is dependent on aspects of confidentiality.)
The extent to which these three areas form part o f the portfolio is dependent on Lurgi 
(UK) Ltd making a commitment to developing an Environmental Management 
System. If  the go-ahead is given (a decision is expected within the next month) then 
item three would form the basis for final year research. If there is not a commitment 
to an EMS, then items four and five could be investigated.
The final area o f research identified merits a specific research project in itself and 
hence the RE will not focus on this area.
vi) Integrate environmental Life Cycle Assessment with site-specific, risk- 
based methodologies and economic cost benefit analysis within the 
decision-making process.
A plan for the final year research will be drawn up and discussed at the supervisors 
meeting dated 10/11/99.
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Introduction
This SIX monthly report will be used to briefly highlight the progress that has been 
made during the period 1/10/99 -  1/4/00. At the 36 month stage (end of year 3) a 
detailed discussion highlighted the progress achieved concerning the overall project 
objectives. Along with this, three core areas o f work were highlighted for the final 
period prior to completion:
1. Completion o f the work focusing on use of LCA for determination o f 
BAT.
2. An investigation of Impact Assessment methods and statistical analysis of 
uncertainty.
j .  Implementation o f ISO 14001 within Lurgi UK, thus allowing Life Cycle 
considerations to be integrated into company procedures.
Progress in these areas is discussed in the following sections, along with an additional 
topic that has since emerged: Calibration o f Continuous Emissions Monitoring 
Systems for measurement o f Glass Furnace Particulates.
The development o f Life Cycle Policy Mapping has not been carried out during the 
past six months. It is still intended, however, that this will be developed in 
conjunction with the work concerning legislative compliance associated with ISO 
14001. It has been decided that there is no longer time to consider LCA case study 
work for energy from waste (though this issue is covered through ISO 14001), nor is 
there time available to consider economic considerations in determination of BAT.
1. D eterm ination of Best Available Techniques for In tegrated  Pollution 
Prevention and C ontrol: A Life Cycle A pproach.
The above titled paper has been submitted to the Institution of Chemical Engineers 
(IChemE), has been refereed and has been accepted for publication in the May 2000 
issue o f Process Safety and Environmental Protection (Transactions B). The 
comments from the referees were generally very positive. A few amendments o f an 
editorial nature have been made and the paper is currently being prepared for 
typesetting. A final version will be submitted to this portfolio once it is published.
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In addition to publication, the paper was presented at the IChemE’s Research 2000,
held in Bath, 6-7 January 2000. A copy o f the slides used in this presentation can be 
found in the appendix .
2. A Statistical Analysis of C haracterisation Factors for Life Cycle Im pact 
Assessment
There are no generally accepted methodologies for consistently and accurately 
associating inventory data with specific potential environmental impacts” (BS EN 
ISO 14001). The purpose of this section of work is to quantify, using statistics, the 
degree o f uncertainty that is associated with different impact categories.
The first stage was to determine the theoretical relationship between the 
characterisation factors used by different methods within any given impact category'. 
As discussed by Azapagic and Clift (1998) the aggregation of environmental Burdens 
into Impact categories can be represented by the linear function;
/
(1)
/=i
where cfk,i represents the characterisation factor relating the contribution of burden Bi 
to impact Ek.
For any given impact category k there may be one or more methods available for 
calculating the total impact. For example, within the acidification category the 
practitioner could apply either the CML-Air Acidification factors or the ETH-Air 
Acidification factors. Thus, each impact category can be assessed using a series of 
linear functions. Considering just two o f the available methods, a and b for any given 
impact category k  we can rewrite equation 1 to give:
U s i n g  m e t h o d  a  ( 2 )
/•=!
U s i n g  m e t h o d  b  ( 3 )
/=!
where (cfj^Oa and (cfk.i)b represent the characterisation factors relating the contribution 
o f burden B, to totals (Ek)a and (Ek)b using methods a and b respectively within the
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given impact category k. With regard to a marginal change in any single burden i, the 
respective changes in impact calculated by method a or b are;
= [cA.),dB, or = [ c f ,X
X = [cf,j X dB, or = (c /,, )
(4)
dB.
Equations 4 and 5 can be treated as partial derivatives, from which it is obtained:
^ ( 4 X  K X   ^ ^
Thus, the rate o f change of impact calculated by method a with respect to that 
calculated by method b is independent o f the change in burden. Integration of 6 with 
the condition, when (Ek)a=0, (Ek)b=0 gives:
Rearranging 7 with respect to the characterisation factors gives:
W k X  =  " ‘W k X  where m = &  (g)
From this it can be seen that a graph plotting (cfk,Oa against (cfL,;)b for all burdens
within an impact category should be linear, passing through the origin, with gradient
m equal to the ratio between the total impacts according to methods a and b. In
practice, m represents the conversion factor between the units used in Life Cycle
Impact Assessment method a and those in Life Cycle Impact Assessment method b.
Any departure from the form y=mx can be thought o f as a methodological error,
which would lead to one method putting a higher weighting on a specific burden than 
the other.
Having ascertained this relationship, graphs have been produced for the 
characterisation factors used in the glass manufacturing case study (see following 
pages). These graphs include the regression line (in the form y=mx) and the ‘Pearson 
product moment correlation coefficient’ (R-). R“ reflects the extent o f a linear 
relationship, with values ranging from 0 to 1, and 1 representing linearity.
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Table 1. Regression line and correlation for characterisation factor graphs
Im pact Category Regression line R-
Acidification y=x 1
Eutrification y=x 1
Resource depletion y=3E+13x 0.9991
Aquatic eco-toxicity y=22.506x 0.9974
Greenhouse effect y=0.9967x 0.3618
Photochemical oxidant formation y=0.2797x 0.3529
Human toxicity y=12.784x 0.3409
Terestrial eco-toxicity y=5E4-06x 0.0709
Interpretation of these results is ongoing. A statistical analysis is being carried out to 
determine the standard deviation, and shape of the gradient distribution for each of the 
given characterisation factor graphs. The following points however can be stated:
• The gradient of the regression line represents the conversion factor 
between the two sets of characterisation factors within a given impact 
chategory.
• There is a large variation in uncertainty between impact categories ranging 
from good agreement between methods in the cases of Acidification and 
Eutrification to ver>' poor agreement between methods in the cases of 
Human toxicity and Terestrial eco-toxicity
• Where there is a poor correlation it can be interpreted that there are large 
uncertainties. However, the poor correlation may also demonstrate that, in 
the timespan between the calculation of the characterisation factors for the 
different methods, there have been large degrees of scientific 
advancement. For these areas it is especially important to use the most 
recent set of characterisation factors.
A further subject under investigation is the area o f uncertainty of the range of burdens 
included within each differing method. The analysis presented includes 
characterisation factors for burdens where data is available for each method. In some 
cases one method will give a characterisation factor for a burden whilst the other will 
not. For example, CML Air Acidification consists of 10 characterisation factors 
whilst for ETH Air Acidification there are 15. In this case, since the characterisation
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factors which have been compared are in agreement (R“= l) then it would be 
preferable to use the more extensive data set. Complications arise since method 1 may 
include 20 characterisation factors and method 2 may also include 20 characterisation 
factors. The burdens in method 2 could possibly be of differing type than those of 
method 1, therefore, an analysis of scope of Impact Assessment methods should 
consider both the type and the quantity of the burdens.
The aim, with respect to this area of research, is to complete and write-up this work 
within the next month.
3. Implementation of ISO 14001 within Lurgi UK
This work is progressing well, to schedule and to budget. An initial environmental 
review has been carried out and the report is currently being finalised. The resulting 
Environmental Management System will be designed around the Lurgi product Life 
Cycle, i.e. Design (conceptual and engineering/procurement), Construction, 
Commissioning, Operation, Maintenance, Decommissioning. As part of the 
implementation the research engineer has attended and passed an EARA accredited 
Advanced Environmental Auditors course.
Work in the field of 14001 is seen to compliment that work carried out to date. 
Whilst the bulk o f work has focused on use of LCA for determination of BAT for a 
specific installation, the implementation of 14001 will contribute to reduction of 
environmental impacts throughout all stages of the installation life cycle.
4. Calibration requirem ents for monitoring glass furnace waste gas particulates
This area was intitially investigated for the EngD measurement coursework in 1997. 
Since then it has emerged as an important issue to be considered when determining 
legal compliance. When contacted by Glass magazine to establish if the Research 
Engineer had produced any new work that could be included in the May 2000 
environmental protection special issue, the RE thought measurement would be an 
ideal topic. The following article was submitted to Glass.
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C alibration is k ey  to accurate particulate  
m onitoring
M i k e  N i c h o l a s  r e v i e w s  t h e  c a l i b r a t i o n  r e q u i r e m e n t s  f o r  p a r t i c u l a t e  
m o n i t o r i n g  o f  g l a s s  f u r n a c e  w a s t e  g a s .
The glass manufacturing industry is currently undergoing a period of transition with 
respect to environmental pollution control and measurement. This is a direct result of 
both national legislation, for example the impending UK deadline for the 
Environmental Protection Act 1990 (EFA90), and European legislation such as the 
Directive on Integrated Pollution Prevention and Control (IPPC)! Such legislation is 
forcing reductions in emissions, which are being achieved through both primary 
measures (i.e. in-process emission reduction) and the increasing requirements for the 
installation of flue gas cleaning systems.
Together with the requirement of emissions reduction comes the need for continuous
emissions monitoring systems, in order to demonstrate legislative compliance. With
tightening emission limits, the errors associated with emissions measurement become
increasingly important. HMIP (1994) report that the precision of available
instrumentation is relatively high. For example, transmissometers (optical density
measurement) have a precision of approximately 2%. However, a factor that is more
important than precision is calibration, as this has a large impact on the accuracy of
the measurements. A high precision instrument, if calibrated poorly, can be 
misleading.
In order to discuss the issues associated with methods for calibration of a continuous 
emission monitoring system, this article will focus on particulate sampling for glass 
flimaces in the UK. There are three British Standards available for particulate 
measurement; BS 893: 1978, BS 3405: 1983 and BS 6069: 1992 (section 4 3) BS 
6069 is identical to ISO 9096: 1992. To determine which method is most suitable, it 
is necessary to compare the three standards with respect to overall accuracy and 
ability to measure the fume emitted.
Prior to examining the details within the standards, the nature of the particulate 
emissions should be understood. Particulate matter originates from two main sources 
within an installation. The primary source is the furnace itself. According to Lurgi 
(1993) these particles are extremely fine (see figure), and are categorised as a fume, 
with the majority having diameters in the range 0.01-0.15 um (djo ^  0.06 pm). 90 % 
of particulate emitted from the furnace is formed due to resublimation of saltcake 
(Na2S04), which has been volatilised from the glass melt (Department of the 
Environment, 1994). The remaining 10 % of furnace particulate includes those 
entrained from the batch mixture and combustion products. The second source of 
particulate matter arises from legislative requirements to' install process plant to 
remove acidic compounds from the flue gas. For the Best Available Technique, this 
entails addition of lime in the form of a dry powder (djo — 7 um), the majority of
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which IS subsequently collected by electrostatic precipitator. Since it is easier to 
collect the larger particles (as distinct from the fume), it can be seen that, whether 
there IS  gas cleaning equipment installed or not, the emissions to atmosphere will 
mainly consist o f the sub-micron fume emitted from the furnace.
Distribution of dust contained in furnace waste gases (Lurgi, 1993)
0.05 0.10
Particle diameter (Um)
0.15 0.20 0.25
As cited in the standards, the main influence on the accuracy of measurements 
obtained is associated with the number of sampling points (see table). Both BS 893 
and BS 6069 require a large number of sampling points across the duct to obtain a 
representative sarnple (e.g. 4 to >40 for BS 893), whereas BS 3405 states that only 4 
or 8 sampling points are necessary (since BS 3405 is a simplified method). So, for 
example, a duct with diameter 2.25 m would require 16 sampling points using BS 893 
or BS 6069 and only 4 sampling points using BS 3405. Thus, the accuracy’s for both 
BS 893 and BS 6069 (± 10 %) are greater than that for BS 3405 (± 25 %). In terms of 
particulate emissions measured using BS 3405 this means that a reading as high as 
125 m g^m ^ could relate to actual emissions that are compliant with the 100 m g^m ^ 
U k  limit (i.e. +25 %). Conversely, a reading that suggests compliance may relate to 
actual emissions o f 132 mg/Nm' (-25 %). Use of BS 893 or BS 6069 would narrow 
this margin of error significantly.
The second major and arguably more important difference between the standards 
concerns the specification for the separator used to filter the sampled particles from 
the collected flue gas. Within the standards, minimum efficiencies for the mass of 
part kies collected are stated for differing particle sizes (see table). As can be seen, 
BS.j 4()5 requires the separator to achieve a lower collection efficiency than BS 893, 
which in turn requires a lower collection efficiency than BS 6069. With respect to the 
sub-micron fume, important for glass furnace waste gas, BS 3405 does not state a 
minimum efficiency, whereas BS 893 requires >90 % for particles <0.5 pm and BS 
6069 requires >98% for 0.3 pm particles. Thus, BS 3405 and to a lesser extent BS 
893 could both under-estimate the quantity of particulate matter in the waste gas, as 
compared with measurements obtained using BS 6069. Indeed, for Iron Lid 
Steelworks the chief inspectors guidance (HMIP, 1995) states that BS 6069 is more 
appropriate than BS 3405 due to the problematic nature of measurement of fume.
6 month report (36 months) - 1/10/99
Comparison between BS 3405, BS 893 and BS 9096.
BS3405: 1983 BS 893: 1978 BS 6069: 1992
No of sample points 4 or 8 4 to >40 4 to>17
Expected accuracy ± 25 % ± 10% ± 10%
Minimum particle
collection
requirements
particle % 
size collection 
|im efficiency 
>20 >98 
1 0-20  >96 
5 - 10 >90 
1-5 >60 (>90*)
particle % 
size collection 
jim efficiency 
>5 >99 
1 -5  >98 
0.5 - 1 >96 
<0.5 >90
particle % 
size collection 
pm efficiency 
0.3 >98
From this cornparison it can be concluded that, when calibrating a continuous 
emissions monitoring system for glass furnace particulate matter, BS 3405 should not 
be used, but BS 6069 or possibly BS 893 should be considered. Contrary to this 
conclusion however, the Secretary of State’s guidance note (DOE, 1995) states that 
BS 3405 is the reference test method to be used. Further examination of the 
practicalities involved in these standards would be advisable to determine which 
method would be suitable. It is clear that this is an issue that requires a more detailed 
analysis, if systematic calibration errors are to be avoided.
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6 month report (36 months) - 1/10/99
5. R e q u ir e m e n t fo r  fu tu r e  w o r k
During the final six months of the doctorate the following goals are to be achieved.
• Complete a paper titled ‘*A Statistical Analysis of Characterisation Factors for 
Life Cycle Impact Assessment” by the end of April.
• Continue implementation of BS EN ISO 14001
• Start to produce the documentation for the final portfolio (Bridging document
and executive summary) from 1^ ' May, with the aim to complete a first draft 
by mid June.
6. References
Azapagic, A, and Clift, R, (1998) 'Linear Programming as a Tool in Life Cycle 
Assessment’, The International Journal of Life Cycle Assessment, 3(6), pp305-316.
BS EN ISO 14001: 1996, British Standards Institution: London.
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EngD project review meeting page 1 o f 2
Brunei University / University of Surrey Engineering Doctorate in Environmental 
Technology
Record of progress form for Research Engineers. This form to be completed, signed by 
the RE and supervisors and returned to Chris France (Brunei) or Alex Roberts (Surrey). 
Progress should normally be reviewed bi-monthly; at least two meetings per year should 
be held at the sponsor’s premises.
Research Engineer M.J.Nicholas
Academic Supervisors R.Clift and A.Azapagic
Industrial Supervisors F.C.Walker and D.E.Porter
Progress meeting for the period 26* March 1997 - 15* July 1997
Record of meeting (minutes) (to be filled in by the RE) Actions
Meeting date and venue ; 15/7/97, Lurgi (UK) Ltd., Dukes Court, Woking All actions to be
Those present : M.Nicholas (RE), F.Walker, D.Porter, A.Azapagic, A.Roberts. carried out by RE
Apologies : R.Clift unless indicated
otherwise.
A) Review of progress to date including completion of first year deliverables 
Of the first year deliverables the following have been completed
1. Review of Legislation - Report completed May 1997. Biannual updates necessary.
2. Review of appropriate technologies - General overview achieved. More detail analysis with LCA.
3. In depth review of industrial supervisors techniques and technologies
4. Review sizing techniques at the industrial supervisors headquarters
The following first year deliverables are incomplete and will be on-going
5. Install those techniques in the organization of the industrial supervisor - To date the RE has participated in 
one glass furnace gas cleaning proposal. Further work should be focused on communicating with the Frankfurt 
parent company to develop design guidelines and a possible design guide manual.
6. Glass usage/mass flows in the UK - A small amount of information has been gathered with regard to 
historic recycling levels. This work will be long term and will be integrated with data on other waste sectors.
B) Discussion of Conference paper
The paper raised many points for discussion. There is opportunity for it to be published.
C) New objective arising
1. Assessment of gas cleaning/‘clean’ technologies on an LCA basis - the extent to which research in the 
field of LCA contributes to knowledge was discussed. It would be difficult to contribute with respect to 
methodologies. However LCA for BPEO assessment is new and would advance the field.
D) Long term objectives
1. Investigate producer responsibility (particularly impacts on glass and waste to energy)
2. Process optimization and modeling of Lurgi gas cleaning systems - D.Porter to discuss with J.Kaminsky D.Porter 
(Lurgi Umwelt process engineer with background in research) to arrange possible joint ventures.
3. Investigate deNOx technologies - Include in LCA point C.
4. Move into the field of Waste to energy late 98/early 99 - To be arranged by D.Porter D.Porter
E) Other business - Reports from modules should be copied to supervisors for reference.
- The large commitment to conference planning was discussed. The management side is not the main 
time consumer therefore extra managers are not required. It would be helpful to have a temp (holiday 
job) during July - Sept. to help with general tasks such as compiling proceedings and sending out letters.
This and other comments should be included In the final report.
MET3.DOC 16/7/97
EngD project review meeting page 2 of 2
Agreed objectives for next period 15* July 1997 - October 1997
1. Complete the conference paper which sets out proposal for LCA based on current legislation
( I“ August deadline)
2. Complete assessments for two modules Environmental Measurement and Hands on Audit.
3. Continue with arrangements for the EngD conference.
4. Prepare 20 minute presentation for conference.
5. Help in the preparation of proposals when required.
6. Start defining the system to be investigated in Life Cycle Analysis o f the glass industry. It was decided that 
the system should be well defined by mid November.
7. Keep up to date with legislation to produce biannual reports
Academic supervisor’s comments
Industrial Supervisor’s comments
1. Adjusted very well to the work environment - certainly a team player
2. Carried out Project/Organisation/Process work on the preporation of a recent gas clean up tender
j. Provided many new avenues for thought in the area of glass furnace gas clean-up - i.e. Legislation changes 
and future possibilities, recycling of glass, treatment of gases etc.
4. General attitude to other staff is excellent both in being advised and advising others.
^^S^Gd (Research Engineer) Date
^^S^Gd (Academic Supervisors) Date
Signed (Industrial Supervisor) Date
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Brunei University / University of Surrey Engineering Doctorate in 
Environmental Technology
Record of progress form for Research Engineers.
Research Engineer M.J.Nicholas
Academic Supervisors R.Clift and A.Azapagic
Industrial Supervisors F.C.Walker and D.E.Porter
Progress meeting for the period 15* July 1997 - 12* November 1997
Record of meeting (minutes) (to be filled in by the RE) Actions
Meeting date and venue : 12/11/97 Centre for Environmental Strategy, University of Surrey All actions to be
Those present : M.Nicholas (RE), R.Clift, A.Azapagic. carried out by RE
Apologies :F.Waiter.D.Porter. unless indicated
Otherwise.
A) Review o f progress
1. EngD Conference & Paper (including publication of paper and proceedings)
The conference proceedings will be allocated an ISBN by A.Roberts. M.Nicholas & C.Ashton to be 
listed as the editors. The paper presented at the EngD conf. and Controlling Industrial Emissions 
(IChemE Symposium series No 143, the Commonwealth Institute, London, 3-4 November 1997) will 
form the basis for two academic papers (see agreed objectives - over leaf). The paper itself will not be 
published.
2. Poster presented at Controlling Industrial Emissions.
Of particular importance is the life-cycle diagram representing the cradle to gate/gate to grave split 
between EC legislation. This diagram should feature in the next two academic papers. The poster 
will be displayed in CES.
3. Conference report for Controlling Industrial Emissions.
The conference gave a great insight into the current environmental state o f play for many sectors of 
industry. Use of Life Cycle methods is increasing although the EA may be lagging behind.
4. Controlling Industrial Emissions - Pilkington’s paper by R.Mclntosh (Controlling emissions
in the glass industry: a developing approach) was discussed, including some points of doubt, e.g. Data 
based on lOOmg dust out of precip., no consideration o f recycle to batch,benefit from dust removal 
may be underestimated (see B3 below). What about other emissions?
B) LCA goal definition
1. The scope of LCA that would be most beneficial at the present time is a Cradle to Gate LCA with the 
boundaries determined by IPPC requirements. Wider LCAs could be looked at at a later date.
2. Under the IPPC Directive it is for member states to determine how the technical characteristics of an 
installation, its geographical location and local environmental conditions can, where appropriate, be taken 
into consideration. Moreover, member states will set their own emission limits and chose site specific 
techniques from the shortlist of candidate BATs in the BAT Guidance notes (BREFs). This does not seem to 
encourage overall standardisation and harmonisation. To compare legislation from different countries the RE 
has decided to invent an imaginary glass manufacturing site with representative data (thus avoiding 
confidentiality problems). The question would then be, for that given site, how does the cradle to gate life-cycle 
compare if different country’s legislation (different emission limits etc.) is imposed on that site?
3. Dust is considered in LCAs under Human Toxicology. The RE is not convinced that the effect on health is 
properly represented; e.g. Pilkington argue that glass particulates are mainly NaSO  ^so are non-toxic. They 
are however sub-micron. How is this represented? Current understanding of particulate health effects must 
be reviewed.
4. The PEMS LCA software is currently licensed to the University for non-commercial use. Where it is used 
for commercial purposes companies have obtained their own license (e.g. Thames Water). The proposed 
work (comparison of environmental impact for different legislative conditions) is more for academic interest 
than for commercial, so the use of PEMS at the University will be acceptable.
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Agreed objectives for next period (from 12* November 1997)
1. Complete coursework for the modules on Clean Technology and Risk Communication
2. Write a short paper, based on EngD conference paper & Poster, outlining the general benefits and need for LCA/LC 
thinking. This should be suitable for submission to ‘The Chemical Engineer’ (TCE) and the IMechF’s Environmental Section
i.e. general interest and applicable to any process/system. Submissions to TCE are by invitation only so M.Nicholas will seek 
advice from Julie Morgan (organiser for Controlling Industrial Emissions and editorial advisory board for TCE). [Aim for 
completion before Christmas ‘97]
3. Write a detailed academic paper titled ‘Integrated Pollution Prevention and Control: Choice of BAT using LCA (Goal 
definition)’ This should be applicable to all IPPC processes but use glass manufacturing as an example. It will be targeted at 
the IChemE Transactions, Part B - Process Safety and Environmental Protection. [Aim for completion before Feb. ‘9^ 1
4. Gather data and perform LCA.
5. Review current thinking concerning toxicology and health effects o f particulates.
Academic supervisor’s comments
M.Nicholas is making an excellent progress so far.
He is very conscientious and hard working.
He has written several excellent papers.
He has his own ideas which he puts forward and then puts them into practice as agreed with the 
supervisors.
We are both very pleased with his performance so far.
Industrial Supervisor’s comments
1. Excellent performance re organisation and personal presentation at the EngD conference, in particular the use of
‘presentation aids’. NB. The question time at the end was one o f the highlights of the conference and could have been 
extended.
2. Contributions to Lurgi continue to be well thought out and engenders thought from aspects ‘different to the Norm’.
3. Generally well balanced engineering time management and professional attitude.
4. Contributed to the IChemE seminar, ‘Controlling Industrial Emissions’ in the form of a poster session followed with 
an appreciation of the conference for the IChemE. In the time available the poster presentation was adequate and the 
appreciation well constructed.
5. Continues to interpret trends, directives and legislation well, and is learning by observation the pragmatism by which 
industry opposes and implements same.
(Research Engineer) Date
Signed (Academic Supervisors) Date
^^§"Gd (Industrial Supervisor) Date
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Brunei University / University of Surrey Engineering Doctorate in Environmental 
Technology
Record of progress form for Research Engineers. This form to be completed, signed by 
the RE and supervisors and returned to Chris France (Brunei) or Alex Roberts (Surrey). 
Progress should normally be reviewed bi-monthly; at least two meetings per year should 
be held at the sponsor’s premises.
Research Engineer M.J.Nicholas
Academic Supervisors R.Clift and A.Azapagic
Industrial Supervisors F.C.Walker and D.E.Porter
Progress meeting for the period 12* November 1997- 13* January 1998
Record of meeting (minutes) (to be filled in by the RE) Actions
Meeting date and venue : 13/1/98, Lurgi (UK) Ltd., Dukes Court, Woking All actions to be
Those present : M.Nicholas (RE), F.Walker, A.Terry, A.Azapagic, R.Clift. carried out by RE
Apologies :D.Porter unless indicated
A) Review o f Progress to date
otherwise.
1. Review Portfolio and ‘method of construction’ - The Project is progressing well, following closely the 
initial aims and deliverables. Feedback from academic supervisors should be copied to D.Porter.
All modules have been o f a good standard (Av. 7.5/10). It was noted that some modules (esp. risk) take
more time than the allocated week. The RE feels that the standard of the assessments should not be reduced
but an effort should be made to alter the handbook to indicate that some assessments may take two weeks, R.Clift
rather than one.
Elective modules - The RE should contact R.Malcolm w.r.t Commercial Law and J.Park w.r.t Construction 
techniques and commissioning.
Six month reports should give a narrative of progress to date. Once major sections o f work have been 
completed these should be compiled with accompanying bridging or summary documents.
2. Conference review - Controlling Industrial Emissions.
The hardback edition of Controlling Industrial Emissions is now in print and the conference review can be 
found on page 211. (Controlling Industrial Emissions: Practical Experience, 1997, Institution of Chemical 
Engineers, Symposium Series No. 143) The report will also feature in IChemE ‘s February 1998 Transactions 
part B.
3. Article for ‘The Chemical Engineer’ (TCE)
This article has been completed and is awaiting publication. The style of the article may need to be edited.
Nolan Fell (Assistant Editor TCE) will interview the RE.
The article has also been forwarded to The Royal Commission on Environmental Pollution.
4. 2"“^ IPPC consultation paper review
Discussion ensued with regard to the role of the EA and Local Authorities.
B) Work for the near future
1. Risk communication coursework. 'deadline - 1st February 1998)
2. A detailed, academic paper on why a cradle to gate LCI is suited to assessment of IPPC processes.
Then highlighting the discrepancies between member states imposing differing emissions limits.
Discussion ensued with regard to the definition of installation boundaries (which define those plant items 
to be included for IPPC control) and BAT assessment methodology system boundaries (which will include 
the entire installation plus additional life cycle considerations such as energy associated with raw materials 
and the disposal o f process waste). (This could also be for the EngD conference ‘98)
The paper should be completed before 1" March With a draft copy by the second week in February.
MET5.DOC 13/1/98
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C) Other projects (to be prioritised)
• Investigate the proposed Landfill Directive
• Investigate the health effects of particulates
• Perform LCA work as scoped in the paper above to discover which emissions limits and which 
techniques provide the best protection of the environment as a whole for glass manufacturing.
• Create a gas cleaning design manual for glass furnace waste gas.
• Six monthly report ( I" April) and 2"“* Year dissertation.
• A site visit to Belfast Sewage Sludge incinerator (The RE to arrange - contact J.Todd of Lurgi UK)
Agreed objectives for next period 1 January 1998 - 1 October 1998
The work for the near future and other projects (B and C above) were prinritised taking regard of the time available 
(see attached Year planner for 1998). The schedule of work is presented on the attached gantt chart.
Academic supervisor’s comments
Excellent work - impressive for both productivity and intellectual level. Important to keep ‘on 
track and the meeting showed how to ensure this. Also, publication in high-quality journals as the 
work progresses is a priority.
Industrial Supervisor’s comments
Michael continues to be a good team member and ensures that any contributions required by Lurgi 
re his area of expertise are well communicated to the relevant Lurgi staff. We look forward to the 
production of the Gas cleaning design manual (for the glass manufacturing market) which will 
enable a more pro-active role to take place for Lurgi (UK) Ltd. within the corporate group.
As Michael becomes more exposed to external commercial life through seminars and real projects 
his confidence has grown appreciably. His work remains first class and is a valuable contribution to 
our ongoing business.
Signed (Research Engineer) Date
(Academic Supervisors) Date 
^^o^Gd (Industrial Supervisor) Date
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Brunei University / University of Surrey Engineering Doctorate in Environmental
Technology
Record of progress form for Research Engineers. This form to be completed, signed by 
the RE and supervisors and returned to Chris France (Brunei) or Alex Roberts (Surrey). 
Progress should normally be reviewed bi-monthly; at least two meetings per year should 
be held at the sponsor’s premises.
Research Engineer M.J.Nicholas
Academic Supervisors R.Clift and A.Azapagic
Industrial Supervisors F.C.Walker and D.E.Porter
Progress meeting for the period 13"^  January 1998 - April 1998
Record of meeting (minutes) (to be filled in by the RE)
Meeting date and venue : 27/4/98, CES, University of Surrey.
Those present ; M.Nicholas (RE), F.Walker, D.Porter, A.Azapagic, R.Clift.
A) Review of Progress to date
1. British Env. Policy and Europe - Book review now published (TCE, Issue 652, 26 Feb 98).
2. Legislation s going holistic - Peter Varey has edited the article so it is now more ‘catchy’.
It is pending publication (TCE, Issue 656, 30 Apr 98)
j .  Second IPPC consultation - The deadline for submission of responses to this consultation 
has passed. The RE will submit a comment through CES once a white paper is out.
4. LCA for IPPC - For this journal paper to be accepted to TransB IChemE it would probably need 
a worked example. The paper as it stands (with a little re-writing) could be submitted to 
Environmental Impact Assessment Review - contact Eric Johnson of Atlantic consulting. A paper 
will be submitted to TransB IChemE once an example has been established.
5. CES presentation - The concept of Life Cycle Policy Mapping (LCPM) got a good reception 
when presented at CES. It was agreed that the RE should use LCPM as the subject for the EngD 
conference paper and poster. ^
6. Design programme and manual - The RE will aim to complete this work. It was decided that the 
programme and manual should not be included in the RE’s portfolio.
B) Diary Dates.
5/6/98 submit EngD conf. abstract 
31/7/98 submit EngD conf. paper
24/8/98 circulate final draft of 2nd year dissertation to supervisors 
26/8/98 - 11/9/98 wedding and honeymoon 
15-16/9/98 EngD Conf.
28/9/98 Dissertation hand in date.
26/10/98 or 27/10/98 Viva (supervisors to be present)
MET6.DOC 27/4/98
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Agreed objectives for next period
1. Prepare for the presentation to be made at the conference, Glass opportunities. Society of Glass 
Technology, on 13-15/5/98
2. Attend Env. Man. Workshop (22/5/98)
3 Attend Chainet meeting, Windsor (26/5/98)
4. Write Env. Law assessment on Contaminated Land (29/5/98)
5. Complete Design manual
6. Write EngD conf. paper on LCPM - Submht Title & Subject area (8/5/98), Abstract and 
Biography (5/6.98) and Final paper (31/7/98)
7. Sociology module (1-5/6/98)
8. Second year Dissertation - final draft by 24/8/98
The RE should make a start on the glass LCA before the end of the second year. Investigating 
waste disposal options and landfill will commence next academic year. (October 98)
Academic supervisor’s comments
Industrial Supervisor’s comments
^^ë^Gd (Research Engineer) Date
^%^Gd (Academic Supervisors) Date
Signed (Industrial Supervisor) Date
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Brunei University / University of Surrey Engineering Doctorate in Environmental
Technology
Record of progress form for Research Engineers. This form to be completed, signed by 
the RE and supervisors and returned to Chris France (Brunei) or Alex Roberts (Surrey). 
Progress should normally be reviewed bi-monthly; at least two meetings per year should 
be held at the sponsor’s premises.
Research Engineer M.J.Nicholas
Academic Supervisors R.Clift and A.Azapagic
Industrial Supervisors F.C.Walker and D.E.Porter
Progress meeting for the period 2T^ April 1998-10 November 1998
Record of meeting (minutes) (to be filled in by the RE)
Meeting date and venue: 10/11/98, CES, University of Surrey.
Those present : M.Nicholas (RE), F.Walker, A.Azapagic and R.Clift.
A) The minutes from the previous meeting of 27/4/98 were accepted.
B) Update of Recent Progress:
The journal article The winding road...' has been published in Glass (Sept 98 issue). Unfortunately, 
several errors have arisen during editing with respect to the tables and graphs. The publishers have 
accepted responsibility and will republish the article in Glass International (November 1998 issue)
R.Clift has wntten an article for J. Ind. Ecology, which incorporates many concepts from the project - 
including the LCPM diagram. This is due for publication in the next issue of the journal.
The RE has submitted the second year dissertation and gone through the viva process. Prof. Brian Ralph 
has suggested that in the next two years the RE should incorporate more engineering into the project (this 
will arise from Life Cycle case study work for the glass industry). It was also suggested that a plan 
should be formulated for the next two years. The RE has produced a plan highlighting the phases of the 
project development and in particulare the relationship between the 'technical' design of equipment and 
the socio/political investigations of policy. It is necessary to investigate both aspects when determining 
BAT/BPEO.
C) Discussion of future work.
A discussion ensued concerning future work. This will initially involve a multi-scenario based case study 
of the glass industry (see attached scenario sheets). This will develop to include system modelling and 
optimisation techniques. The case study work will be used to complete the 'BAT assessment for IPPC 
paper.
MET7.DOC 27/4/98
EngD project review meeting page 2 of 2
Agreed objectives for next period
Work must focus on developing process designs and mass balances for the various- scenarios outlined 
(using the previously developed process design spreadsheet). This will be used for Life Cycle work using 
the CES s available software (RE to contact Sarah Cowell). The RE must also consider in-fumace 
techniques such as low NOx bumers/Pilkington's 3Rs process. R. Clift has proposed that he may be able 
to assist in collecting the necessary data once it is required.
Academic supervisor’s comments
Industrial Supervisor’s comments
(Research Engineer) Date
^%^Gd (Academic Supervisors) Date
Signed (Industrial Supervisor) Date
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Brunei University / University of Surrey Engineering Doctorate in Environmental
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Record of progress form for Research Engineers. This form to be completed, signed by 
the RE and supervisors and returned to Chris France (Brunei) or Alex Roberts (Surrey). 
Progress should normally be reviewed bi-monthly; at least two meetings per year should 
be held at the sponsor’s premises.
Research Engineer M.J.Nicholas
Academic Supervisors R.Clift and A.Azapagic
Industrial Supervisors F.C.Walker and D.E.Porter
Progress meeting for the period 10 November 1998 - 20 April
Record of meeting (minutes) (to be filled in by the RE)
Meeting date and venue: 20/4/99, CES, University of Surrey. 
Those present : M.Nicholas (RE), A.Azapagic and R.Clift.
A) Update of Recent Progress:
A general discussion ensued concerning recent progress. Topics covered included:
The RE has now completed LCAs for many differing scenarios for the glass industry. The results were 
included in the last six monthly report.
Of particular importance was the discovery that in choosing BAT it is not only important to get the 
technique right but also the way in which that technique is operated. For example the scenarios all used 
dry scrubbing and EP to meet differing limits but some limits resulted in a better Life Cycle performance.
It was discussed that there is now publicly available data for a UK glass furnace (Pilkington's UK6 - by 
Graham Robertson and Roland Clift). This data should be used as a real life case study to compare the 
results with that attained for the industry average data.
Areas of uncertainty that were discussed include:
With respect to dust recycle it has been assumed that the precipitator dust displaces all raw materials 
equally. Does this happen in reality? The question is important because the raw materials have very 
different impacts upon the environment. It is feasible that, because the dust is mainly carbonate/sulphate 
of calcium, it would only replace the limestone, and not the most polluting raw material, soda ash. Also, 
to what extent does batch composition variations have an effect on glass quality?
The RE has also been carrying out preliminary investigations, on behalf of Lurgi, into requirements for 
ISO 14001 certification. The potential for academic work in this area is based around the question, 'What 
does sustainability mean for a chemical contracting company?'
Possible journal papers were discussed.
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Agreed objectives for next period
Work must extend the previous scenarios to include real data as published for Pilkington’s UK6 furnace. 
It must also investigate displacement of only the limestone component of the batch. In addition 
toxicological data for dust should be incorporated in Impact assessment.
The RE must complete the journal papers already started.
The use o f LCA for BAT assessment under IPPC - to include a glass case study 
LCPM an environmental decision support tool - again with glass case study
EngD conference paper - to focus on optimisation of BAT - choosing the best limits.
Academic supervisor s comments
Industrial Supervisor’s comments
Definite progress has been achieved with respect to background data compilation. In addition preliminary 
work for Lurgi (UK) Ltd certification to ISO 14001 was instigated and is being guided by Mike. This 
work has been well received within the Lurgi group.
Signed (Research Engineer) Date
Signed (Academic Supervisors) Date
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Record of progress form for Research Engineers. This form to be completed, signed by 
the RE and supervisors and returned to Chris France (Brunei) or Alex Roberts (Surrey). 
Progress should normally be reviewed bi-monthly; at least two meetings per year should 
be held at the sponsor’s premises.
Research Engineer M.J.Nicholas
Academic Supervisors R.Clift and A.Azapagic
Industrial Supervisors F.C.Walker and D.E.Porter
Progress meeting for the period 20 April - 8 July 1999
Record of meeting (minutes) (to be filled in by the RE) ~ "  “
Meeting date and venue: 8/7/99, CES, University of Surrey.
Those present : M.Nicholas (RE), A.Azapagic and R.Clift.
A) Update of Recent Progress:
The RE has now modified the glass manufacturing Life Cycle model so that dust recycled from the 
precipitators now replaces only limestone (previously it replaced all raw materials). It was agreed that 
this gave more realistic results.
Progress has been made on including data for the toxicity of dust. COMEAP data has been used to derive 
toxicity figures for the CML and USES data sets. However, discrepancies in the methods by which these 
sets have been derived still leave uncertainties - mainly focusing on the pollutant behaviour in the 
environment and whether of not to include partitioning between different media. R.Clift will discuss this 
with those at Leiden.
It was noted that the differing outcomes of the assessment o f fuel switching caused by using the differing 
data sets (especially wrt nutrification) could be used as the basis for a paper discussing the differing 
Impact Assessment methods.
EngD Conference paper - The case study work has now been completed for this paper. The paper itself 
has been started (See next section for completion timescale)
IChemE Research 2000 - The RE will submit a paper for this event, based upon previous methodological 
work and the case studies of the EngD conference paper. The title will be 'BAT Assessment for 
Integrated Pollution Prevention and Control: A Life Cycle Approach'. (See next section for completion 
timescale)
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Agreed objectives for next period
EngD Conference Paper - to be completed by 3 July (post to Roland& Adisa for review 21/7/99) 
IChemE Research 2000 paper - to be completed by 3 August (post to Adisa 6/8/99, Roland 11/8/99) 
Next meeting, 17* Aug 1999 at Lurgi (UK) Ltd.
Academic supervisor s comments
Industrial Supervisor’s comments
(Research Engineer) Date
Signed (Academic Supervisors) Date
Signed (Industrial Supervisor) Date
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Brunei University / University of Surrey Engineering Doctorate in Environmental
Technology
Record of progress form for Research Engineers. This form to be completed, signed by 
the RE and supervisors and returned to Chris France (Brunei) or Alex Roberts (Surrey).
Progress should normally be reviewed bi-monthly; at least two meetings per year should 
be held at the sponsor’s premises.
Research Engineer M.J.Nicholas
Academic Supervisors R.Clift and A.Azapagic
Industrial Supervisors F.C.Walker and D.E.Porter
Progress meeting for the period 17 August - 10 November 1999 (N.B meeting on
17/8/99 was an unminuted discussion of general 
progress with R.Clift and A.Azapagic)
Record of meeting (minutes) (to be filled in by the RE)
Meeting date and venue: 8/7/99, CES, University of Surrey.
Those present : M.Nicholas (RE), A.Azapagic, R.Clift and D. Porter. Apologies from F. Walker.
A) Update of Recent Progress:
The paper for the IChemE conference 'Research 2000' and Transactions B IChemE has been accepted and 
is now being refereed.
A statistical analysis has been earned out on the impact factors used in the above paper. This analysis, 
which highlights the categories with most imcertainty, will form the basis for a paper concerning Impact 
Assessment.
The go-ahead has been given for Lurgi (UK) Ltd to implement ISO 14001. The challenges surrounding 
this issue will form a focus for the final year of research using two waste management projects to enable 
procedures to be developed.
Agreed objectives for next period 
25/11/99 - submit talking to the media coursework
Prepare presentation, poster and revision of paper (if necessary) for Research 2000 6/7 January.
Write a paper on uncertainty in Impact Assessment based on the Gas/Oil firing scenario and statistical 
analysis. (Draft for mid January)
Ongoing - work on implementation of ISO 14001 - Identify major environmental aspects, what does 
sustainability mean to Lurgi (UK) Ltd?
Start executive summary and bridging document so that first draft can be ready by mid June, 2000 and 
finished end of July.
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Academic supervisor s comments
Industrial Supervisor’s comments
All set objectives, except the uncertainty in Impact Assessment re oil/gas, have been achieved. In 
addition a paper on the Glass industry particulates measurement was prepared and was well received -  
Standards of measurement discrepancies were discussed and suggestions made as to the more appropriate 
to use.
The work for implementation of ISO 14001 has commenced and has been well received by management 
and his peers.
The final executive summary and bridging document is due to commence during the next few days.
It is a continued pleasure to work with Mike who contributes in many all round aspects of the office 
working environment.
Signed
Signed
Signed
(Research Engineer) Date
(Academic Supervisors) Date
(Industrial Supervisor) Date
J
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